TECHNICAL APPENDIX FORM (TA5031) FOR PRESSURE VESSELS
PRESSURE VESSEL ENGINEERING NOTE PER CHAPTER 5031

Prepared by: Terry Tope
Preparation date: 12.6.10

I3 Description and Identification
Fill in the label information below:

THIS VESSEL CONFORMS TO FERMILAB ES&H MANUAL

CHAPTER 5031
Vessel Title LAPD Molecular Sieve Filter Vessel
Vessel Number PPD10139 <—Obtain from Division/Section Safety Officer

Vessel Drawing No.  Eden Cryogenics LL.C BC-02128-5800-01

Maximum Allowable Working Pressure (MAWP)

Internal Pressure 165 psid

External Pressure 15 psid

Working Temperature Range +932°F °F -320 °F °F
Contents  Liquid argon and Sigma Aldrich Molecular Sieve 4A

Designer / Manufacturer Eden Cryogenics LLC

i

Test Pressure (if tested at Fermilab) Acceptance Date <— Document per Chapter 5034 of the Fermilab
ES&H Manual

PSIG, Hydraulic Pneumatic

Accepted as conforming to standard by

M %‘;J/ < Actual signature required
Of Division / Section PPD Date: Z( 6/ ' l

NOTE: Any subsequent changes in contents, pressures,
temperatures, valving, etc., which affect the safety
of this vessel shall require another review.

Reviewed by: /eC}C ER /5/7‘:6?1‘:'/7((..

(Print Name)

Signature: /Zfa/f_’/v M Date: 3A2 ////

Director's signature (or designee) if the vessel is for manned areas but
doesn't conform to the requirements of the chapter.

Signature: ! . Date:

Fermilab ES&H Manual TA 5031 -1
Rev. 06/2009

WARNING. This paper copy may be obsolete soon dfter it is printed. The current version of this FESHM Chapter is found at
htip://www-esh.fnal.gov/pls/default/esh_manuals.html

4 g ) v2.27.11 1/405

v10.18.12 1 /424




Amendment No.: Reviewed by: Date:

1 @7&( W Jof s/ a

Lab Prbperty Number(s): n/a
Lab Location Code: 701030125 (obtain from safety officer)
Purpose of Vessel(s): Remove water from liquid argon.

Vessel Capacity/Size: 22.5 gallon Diameter: 12.75 inches Length: 51.5 inches
Normal Operating Pressure, (OP) 30 psid
MAWP-OP = 165 — 30 = 135 PSID

List. the numbers of all pertinent drawings and the location of the originals.

Drawing # Location of Original
Eden Cryogenics LL.C BC-02128-5800-01 8445 Rausch Dr Plain City, OH 43064

Repair (Amendment No. 1):
Fermilab 3942.330-MD-489456 Fermi National Accelerator Laboratory
Fermilab 3942.330-MD-489458

2. Design Verification

Is this vessel designed and built to meet the ASME BPVC or “Experiment
Vessel” requirements?
Yes X No .

If“No” state the standard that was used

Demonstrate that design calculations of that standard have been made
and that other requirements of that standard have been satisfied.
Skip to part 3 “system venting verification.”

Does the vessel(s) have a U stamp? Yes X  No_ . If "Yes",
complete section 2A; if "No", complete section 2B.

A. Staple photo of U stamp plate below.
Copy "U" label details to the side

Copy data here:

%
eden

NB 10

CERTIFIED BY EDEN CRYOGENICS LLC

MAWP 165 PSI AT 932 °F

MAEWP 15 PSI AT 932 °F

MDMT -320 °F at 165 PSI

EDEN SERIAL NO 02128-03

YEAR BUILT 2010

Fermilab ES&H Manual TA 5031 -2
Rev. 06/2009

WARNING. This paper copy may be obsolete soon after it is printed. The current version of this FESHM Chapter is found at
http://www-esh.fnal. gov/pls/default/esh_manuals. html

v10.11.12 2/405
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Provide ASME design calculations in an appendix. On the sketch below,

circle all applicable sections of the ASME code per Section VIII, Division
I. (Only for non-coded vessels)

Shirt length
PocUG=-32m

Fitlet welds p—

Por. UW-18 ond 36 . |
Kruckle thickness mf
Toronico! heod Bolted heods
o S e o / I Alignment Por. UG- 35 ond Ua-6

« . thick tolerorice Fig. Ua-6
Inspection opening Slr e B TS Pty
Por. UG-46 Circumferentiol Fig. :
joints :iF:E:QE:

Conical heod Costing
Por. UG-32 Por. UG-8 and UG-24

Torisphericol
heod

Lecrown rodius

et el

Hemispherical heod
Por. UG-32F
ongrtudinal oint R=rodius

of shell
Por. UG-27
Threoded \ fosi‘weidhem D
conneciions ™ odocent 10 R e Stoyed surfoce
Por. UG- 43, allowonce e Por. Uw-40 Por. UG-47
Toble UG-43 =295 Par.UW-19
Fig.UW-19

Bed connectionrs \M01_u¢ldrt-ir\forc.emem
. Wt W 15 W UW = UW=
Ellipsordol Md:m——ha;q_ Shiet length 5 ond Fig.UW-16 Por.UW=35

Por. UG-32
Por. UG-32d

B THE LAPD MOLECULAR SIEVE FILTER VESSEL IS A CODE STAMPED ASME
VESSEL. THIS SECTION IS NOT REQUIRED.

CALCULATION RESULT
(Required thickness or stress
Reference ASME level vs. actual thickness
Item Code Section calculated stress level)

vs
vs
vs
vs
vs

Fermilab ES&H Manual TA 5031 -3

Rev. 06/2009

WARNING. This paper copy may be obsolete soon after it is printed. The current version of this FESHM Chapter is found at
http://www-esh.fnal.gov/pls/default/esh _manuals.html
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3. System Venting Verification Provide the vent system schematic.

Does the venting system follow the Code UG-125 through UG-1377?
Yes X No

Does the venting system also follow the Compressed Gas Association
Standards S-1.1 and S-1.3?
Yes X No

A “no” response to both of the two proceeding questions requires a
justification and statement regarding what standards were applied to
verify system venting is adequate.

List of reliefs and settings:

Manufacturer Model # Set Pressure Flow Rate Size
Rockwood Swendeman 710NBEF-A 100 PSIG 282 SCFM AIR 1x1 % inch
4. Operating Procedure

Is an operating procedure necessary for the safe operation of this

vessel?
Yes No X (If "Yes", it must be appended)
5. Welding Information
Has the vessel been fabricated in a non-code shop? Yes No X

If "Yes", append a copy of the welding shop statement of welder
qualification (Procedure Qualification Record, PQR) which
references the Welding Procedure Specification (WPS) used to weld
this vessel.

6. Existing and Unmanned Area Vessels

Is this vessel or any part thereof in the above categories?
Yes No X

If "Yes", follow the requirements for an Extended Engineering Note for
Existing and Unmanned Area Vessels.

7. Exceptional Vessels

Is this vessel or any part thereof in the above category?
Yes No X

If "Yes", follow the requirements for an Extended Engineering Note for
Exceptional Vessels.

Fermilab ES&H Manual TA 5031 -4
Rev. 06/2009

WARNING. This paper copy may be obsolete soon after it is printed. The current version of this FESHM Chapter is found at
http://www-esh.fnal.gov/pls/default/esh _manuals.html
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THIS VESSEL CONFORMS TO FERMILAB ES&H MANUAL
CHAPTER 5031

Vessel Title

Vessel Number

Vessel Drawing No.

Maximum Allowable Working Pressure (MAWP)

Internal Pressure

External Pressure

Working Temperature Range °‘F °F

Contents

Designer / Manufacturer

Test Pressure (if tested at Fermilab) Acceptance Date
PSIG, Hydraulic Pneumatic

Accepted as conforming to standard by

Of Division / Section

NOTE: Any subsequent changes in content, pressures, temperatures, valving, etc.,
which affect the safety of this vessel shall require another review and test.

Figure 2. Sample of sticker to be completed and placed on vessel.

Fermilab ES&H Manual

TA 5031 -5
Rev. 06/2009

WARNING. This paper copy may be obsolete soon after it is printed. The current version of this FESHM Chapter is found at

http://www-esh.fnal.gov/pls/default/esh _manuals.html

v10.18.12 5/424



FORM R-1 REPORT OF REPAIR

in accordance with provisions of the National Board Inspection Code

. Work performed by ABILITY ENGINEERING TECHNOLOGY INC.
"7 (name of repair organization) (Form Registration No.)
16140 South Vincenness Avenue  SOUTH HOLLAND, ILLINOIS 60473 J 8330
(address) (PO No., Job No.. ete.)
2. Owner FERMI NATIONAL ACCELERATOR LABORATORY
(name)
P.0.Box 500 BATAVIA, ILLINOIS 80510
(address)

3. Location of installation FERMI NATIONAL ACCELERATOR LABORATORY

(name)

P.O.Box 500 BATAVIA, ILLINOIS 60510

(address)

4. Ttem identification Pressure Vessel Name of original manufacturer EDEN CRYOGENICS
(boiler, pressure vessel or piping)
5. Identifying nos.: 02128-03 10 - - 2010
(infe. serial no.) (National Board No.) (Jurisdiction No.) {other) (vear built)

6. NBIC Edition/Addenda: 2011

(edition) (addenda)
Original Code of Construction for Item: ASME B. & P.V. CODE SECTION VIII DIVISION 1 2010

(name / section / division) (edition / addenda)
Construction Code Used for Repair Performed: ASME B &P.V. CODE SECT. VIII DIV. 1 2010 add 2011
(name 7 section / division) (edition / addenda)

7. Repair Type: M Welded | Graphite Pressure Equipment [J FRP Pressure Equipment
8. Description of work: I:] Form R-4, Report Supplementary Sheet is attached D FFSA Fonmn (NB-403) is attached

(use Form R-4. if necessary)

TOP AND BOTTOM HEADS REPLACEMENT

Pressure Test, if applied 252 psi MAWP 165 INT. /15 EXT.

9. Replacement Parts. Attached are Manufacturer’s Partial Data Reports or Form R-3s properly completed for the following items
ot this report:

(name of part. item number, data report type or Certificate of Compliance. mfg. name, and identifying stamp)

10. Remarks:

CERTIFICATE OF COMPLIANCE

I, MAREK HABER certify that to the best of my knowledge and belief the statements in this report are
correct and that all material, construction, and workmanship on this Repair conforms to the Nutional Board Inspection Code.
National Board “R” Certificate of Authorization No. R-8339 expires on 04/19/2014 , 2124/
Date _0/@2/12  ABILITY ENGINEERING TECHNOLOGY INC. Siened ___ ML 12N~
(name of repair organization) (authorized representative)

CERTIFICATE OF INSPECTION

I, witbigm Moers holding a valid Comumission issued by The National Board of Boiler and Pressure
Vessel Inspectors and certificate of competency, where required, issued by the Jurisdiction of (L

and employed by HSE of oy

have inspected the work described in this reporton __ YL 3 ; 2012 and state that to the best of my

knowledge and belief this work complies with the applicable requirements of the National Board Inspection Code.
By signing this certificate, neither the undersigned nor my employer makes any warranty, expressed or implied, concerning the work

described in this report. Furthermore, neither the undersigned nor my employer shall be liable in any manner for any personal 1njury,

property damage or loss of any kind arising from or conpected with tlﬁs@on.
Date_ JPL 3 20/ Signed m Commissions ) Uogja 1L 2235

(inspector) "(National Board and Jurisdiction No.)

This form may be obtained from The National Board of Boiler and Pressure Vessel Inspectors, 1055 Crupper Ave., Columbus, OH 43229 NB-66 Rev. 12

v10.18.12 6 /424




TECHNICAL APPENDIX FORM (TA5031) FOR PRESSURE VESSELS
PRESSURE VESSEL ENGINEERING NOTE PER CHAPTER 5031

Prepared by: Terry Tope
Preparation date: 6.12.12

i. Description and Identification
Fill in the label information below:

THIS VESSEL CONFORMS TO FERMILAB ES&H MANUAL

CHAPTER 5031
Vessel Title LAPD Oxygen Filter Vessel 2
a e £ Oy A
Vessel Number PPD10150 A PPD | D \%) == btain from Division/Section Safety Officer

Vessel Drawing No.  Eden Cryogenics LLC BC-02128-5800-01

Maximum Allowable Working Pressure (MAWP)

Internal Pressure 165 psid

External Pressure 15 psid

Working Temperature Range +932°F °F -320 °F F

Contents  Liquid argon and BASEF CU-0226S

Designer / Manufacturer Eden Cryogenics LLC

Test Pressure (if tested at Fermilab) Acceptance Date s~ Document per Chapter 5034 of the Fermilab
ES&H Manual

PSIG, Hydraulic Preumatic

Accepted as conforming to standard by

v%f%ﬁf e “ﬁ"ﬁ$ @~ Actual signature required
L=
= ;
Of Diivision / Section e %ﬁgj Date: /ﬁ//%b&/ﬁéi?

NOTE: Any subsequent changes in contents, pressures,
temperatures, valving, etc., which affect the safety
of this vessel shall require another review.

Reviewed by: /Q@ét&f/&? WE/fL

(Print Name)

Signature: %&w,ﬁw/ Wb‘g Dates r'iO,/?fm ”L?

Director's signature (or designee) if the vessel is for manned areas but
doesn't conform to the requirements of the chapter.

Signature: Dates

Fermilab ES&H Manual TA 5031 -1
Rev. 06/2009

WARNING. This paper copy may be obsolete soon after it is printed. The current version of this FESHM Chapter is found at
it fwwwe-esh fhal. govipls/defauli/esh manuals him!

v10.11.12 7/405
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Amendment No.: Reviewed by: Date:

Lab Property Number(s): n/a
Lab Location Code: 701030125 (obtain from safety officer)
Purpose of Vessel(s): Remove oxygen from liquid argon.

Vessel Capacity/Size: 22.5 gallon Diameter: 12.75 inches Length: 51.5 inches
Normal Operating Pressure (OP) 30 psid
MAWP-OP = 165 — 30 = 135 PSID

List the numbers of all pertinent drawings and the location of the originals.

Drawing # Location of Original

Eden Cryogenics LLC BC-02128-5800-01 8445 Rausch Dr Plain City, OH 43064

Repair:

Fermilab 3942.330-MD-489456 Fermi National Accelerator Laboratory

Fermilab 3942.330-MD-489458

2. Design Verification

Is this vessel designed and built to meet the ASME BPVC or “Experiment
Vessel” requirements?
Yes X No .

If“No” state the standard that was used .
Demonstrate that design calculations of that standard have been made
and that other requirements of that standard have been satisfied.
Skip to part 3 “system venting verification.”

Does the vessel(s) have a U stamp? Yes X No . If "Yes",
complete section 2A; if "No", complete section 2B.

A. Staple photo of U stamp plate below.
Copy "U" label details to the side

B ! ; Copy data here:
W % i

8445 RAUSCH DRIVE PLAIN CITY, OHIO 43064

I A S0 § CERTIFIED BY EDEN CRYOGENICS LLC

i - CERTIFIED BY EDEN CRYOGENICS, LLC ]
= MAWR <00 pgp Ap oo

MAWP 165 PSI AT 932 °F

b MAEWP_ - PSI AT__

MAEWP 15 PSI AT 932 °F

MDMT -320 °F at 165 PSI

EDEN SERIAL NO 02128-01

YEAR BUILT 2010

Fermilab ES&H Manual TA 5031 -2
Rev. 06/2009

WARNING. This paper copy may be obsolete soon after it is printed. The current version of this FESHM Chapter is found at
http.//www-esh.fnal gov/pls/default/esh_manuals.html
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YEAR BUILT 2010

Provide ASME design calculations in an appendix. On the sketch below,

circle all applicable sections of the ASME code per Section VIII, Division
I. (Only for non-coded vessels)

Shirt length
PocUG=-32m

jo—— h ——==— Depth of heod
Fillet welds
Por. UW-18 ond 36 v . & E '1
Kruckle thickness mf
TJorkonico! heod Bolted heods
Por. UG-32hand UA-4¢ / Alignment Por. UG- 35 ond UA-6
tolerorice \ Fig. UA-6
Inspection opening y ‘ Par.UW-34  por)
Por. UG-46 Circumferentiol Fig. .
jounts A
Conical heod Costing
Por. UG-32 Por. UG-8 ond UG-24
Torisphericol
heod
Lecrown rodius ’
Hemispherical heod
Minus heod

kg seoms ot keo

For. UG-32F
pressure on
conver side :
Por. UG-33 R=rodius
of shell
Por. UG-27
Threoded Pos!‘weid heot D
connections = Corrosion trectment Stoyed surfoce
Por. UG- 43, aliowonce - Par. UW-40 Por. UG-47
Toble UG-43 > Par.UW-19
/ . Fig.UW-19
o — h —
I ]_] Bed connections \\Mm_ueld rénforcement
: e h Shin t kength ¥-15 ond Fig.UwW-16 Por.UW=-35
Ellipsordol heod = 7202000 por. UG- 32
Por, UG-32d
- THE LAPD OXYGEN FILTER VESSEL IS A CODE STAMPED ASME

VESSEL. THIS SECTION IS NOT REQUIRED.

CALCULATION RESULT
(Required thickness or stress
Reference ASME level vs. actual thickness
Item Code Section calculated stress level)

vs
vs
vs
vs
vs

Fermilab ES&H Manual TA 5031 -3

Rev. 06/2009

WARNING. This paper copy may be obsolete soon after it is printed. The current version of this FESHM Chapter is found at
http.//www-esh.fnal gov/pls/default/esh_manuals.html

v10.18.12 9/424



3. System Venting Verification Provide the vent system schematic.

Does the venting system follow the Code UG-125 through UG-1377?
Yes X No

Does the venting system also follow the Compressed Gas Association
Standards S-1.1 and S-1.3?
Yes X No

A “no” response to both of the two proceeding questions requires a
justification and statement regarding what standards were applied to
verify system venting is adequate.

List of reliefs and settings:

Manufacturer Model # Set Pressure Flow Rate Size
Rockwood Swendeman 710NBEF-A 100 PSIG 282 SCFM AIR 1x1 % inch
4. Operating Procedure

Is an operating procedure necessary for the safe operation of this

vessel?
Yes No X (If "Yes", it must be appended)
5. Welding Information
Has the vessel been fabricated in a non-code shop? Yes No X

If "Yes", append a copy of the welding shop statement of welder
qualification (Procedure Qualification Record, PQR) which
references the Welding Procedure Specification (WPS) used to weld
this vessel.

6. Existing and Unmanned Area Vessels

Is this vessel or any part thereof in the above categories?
Yes No X

If "Yes", follow the requirements for an Extended Engineering Note for
Existing and Unmanned Area Vessels.

7. Exceptional Vessels

Is this vessel or any part thereof in the above category?
Yes No X

If "Yes", follow the requirements for an Extended Engineering Note for
Exceptional Vessels.

Fermilab ES&H Manual TA 5031 -4
Rev. 06/2009

WARNING. This paper copy may be obsolete soon after it is printed. The current version of this FESHM Chapter is found at
http://www-esh.fnal.gov/pls/default/esh _manuals.html
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THIS VESSEL CONFORMS TO FERMILAB ES&H MANUAL
CHAPTER 5031

Vessel Title

Vessel Number

Vessel Drawing No.
Maximum Allowable Working Pressure (MAWP)

Internal Pressure

External Pressure

Working Temperature Range °F °F

Contents

Designer / Manufacturer

Test Pressure (if tested at Fermilab) Acceptance Date
PSIG, Hydraulic Pneumatic

Accepted as conforming to standard by

Of Division / Section

NOTE: Any subsequent changes in content, pressures, temperatures, valving, etc.,
which affect the safety of this vessel shall require another review and test.

Figure 2. Sample of sticker to be completed and placed on vessel.

Fermilab ES&H Manual

TA5031-5
Rev. 06/2009

WARNING. This paper copy may be obsolete soon after it is printed. The current version of this FESHM Chapter is found at

http://www-esh.fnal.gov/pls/default/esh _manuals.html
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FORM R-1 REPORT OF REPAIR
in accordance with provisions of the National Board Inspection Code

I. Work performed by ABILITY ENGINEERING TECHNOLOGY INC.
(name of repair organization) ‘ (Form Registration No.)
16140 South Vincenness Avenue  SOUTH HOLLAND, ILLINOIS 60473 J 8302
: (address) (PO No., Job No., etc.)
2. Owner FERMI NATIONAL ACCELERATOR LABORATORY
(name)
P.O. Box 500 BATAVIA, ILLINOIS 60510
(address)

3. Location of mstallation FERMI NATIONAL ACCELERATOR LABORATORY

(name)

P.O. Box 500 BATAVIA, ILLINOIS 60510

(address)

4. Ttem identification _Pressure Vessel Name of original manufacturer EDEN CRYOGENICS
(boiler, pressure vessel or piping)
5. Identifying nos.: 02128-01 8 - - 2010
(mnfe. serial no.) (National Board No.) (Jurisdiction No,) (other) (year built)

6. NBIC Edition/Addenda: 2011 '

(edition) (addenda)
Original Code of Construction for Item: ASME B. & P.V. CODE SECTION Vil DIVISION 1 2010

o ' ) (name / section / division) (edition / addenda)
~ Construction Code Used for Repair Performed: ASME B &P.V. CODE SECT. VIII DIV. 1 2010 add 2011
(name / section / division) (edition / addenda)
Repair Type: Ml Welded | Graphite Pressure Equipment [J FRP Pressure Equipment

8. Description of work: D Form R-4, Report Supplementary Sheet is attached D FFSA Forn (NB-403) is attached

(use Form R-4, if necessary)

TOP AND BOTTOM HEADS REPLACEMENT

Pressure Test, if applied 252 psi MAawp __ 165 INT./ 15 EXT, psi

9. Replacement Parts. Attached are Manufacturer’s Partial Data Reports or Form R-3s properly completed for the following items
of this report:

{name of part, item number, data report type or Certificate of Compliance, mfg. name, and identifying stamp)

10. Remarks:

‘ , o CERTIFICATE OF COMPLIANCE
I, MAREK HABER » certify that to the best of my knowledge and belief the statements in this report are

correct and that all material, constiuction, and workmanship on this Repair conforms to the National Board Inspection Code.

National Board “R” Certificate of Authorization No. R-8339 __expireson___04/19/2014

Date  04/12/2012 _ABILITY ENGINEERING TECHNOLOGY INC. Signed

(name of repair organization) (authorized representative)

CERTIFICATE OF INSPECTION

I, Wiltiam_ pnper S , holding a valid Commission issued by The National Board of Boiler and Pressure
Vessel Inspéctors and certificate of competency, where required, issued by the Jurisdiction of c

and employed by H3E of cCT

have inspected the work described in this report on -24-12 ' and state that to the best of my

knowledge and belief this work complies with the applicable requirements of the National Board Inspection Code.
By signing this certificate, neither the undersigned nor my employer makes any warranty, expressed or implied, concerning the work

A described in this report. Furthermore, neither the undersigned nor iy employer shall be liable in any manner for any personal injury,

_broperty damage or loss of any kind arising from or connected with this inspection.

Date_ 1-24~12__ | Signed 2= PRV~ Commissions /Y064 1L 2235

(inspector) (Nationdl Board and Jurisdiction No.)

This form may be obtained from The National Board of Boiler and Pressure Vessel Inspectors, 1055 Crupper Ave., Columbus, OH 43229 NB-66 Rev. 12
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Terry Tope — version 6.12.12
1/

LAPD Filter Repair Notes

During the 1st LAPD run some filter material made it out of the filter vessels and into the piping. The filter material was
contained within the filter vessels by sintered metal discs. The spare filter vessel that was never installed was examined
by borescope (LAPD purchased 3 identical filter vessels — only two of which were put into service during the 1 run). The
top sintered metal disc was found to have a small weld crack thru which filter material could leak out. This is not a
pressure containment issue. It was assumed the installed filters had this same weld crack failure from the beginning and
this was later confirmed. Both filter vessels were cut out of the piping. The repair consisted of cutting off both the top and
bottom pressure vessel heads that contain the sintered metal discs. New heads were fabricated and welded on the
vessel that contain screen between slotted plates instead of sintered metal discs. The screens provide particulate
filtration while the slotted plates support the weight of the filter material and react the forces due to the pressure drop
across the bed. The screen design is shown in FNAL drawings #489456 and #489458.

First the spare filter vessel was sent out for repair. This filter vessel was installed in place of the oxygen filter used during
the 1% LAPD run. A new pressure vessel engineering note (with a unique vessel number) was created for this vessel
which is identical to the original oxygen filter pressure vessel engineering note except that the repair is noted.

The filter which held the molecular sieve was sent out as the 2™ repair. Since this filter vessel will still be used to hold
molecular sieve after the repair, the existing pressure vessel engineering note is amended (No. 1) to note the repair.

v10.18.12 13/424



—_—— _ _ - DRAWN DATE
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Relief Valve Sizing for the LAPD Filter Vessels and Other Information Relevant to the Pressure Vessel
Engineering Notes

Two identical filter vessels are included in the LAPD liquid argon purification system. The vessels consist of an ASME
code stamped inner vessel surrounded by an outer vessel that is the vacuum jacket. One vessel contains Sigma Aldrich
4A molecular sieve filter material while the other contains BASF CU-0226S oxygen filter material. CU-0226S is
essentially a thin layer of copper covering a molecular sieve like substrate. The molecular sieve is regenerated using
heated argon gas and the oxygen filter is regenerated using a mixture of heated 2.5% hydrogen in argon (2.5% hydrogen
in argon is considered non-flammable). Both filters will be heated to 250 °C. The gas heaters are external to the filter
vessels. The vessels will be used to purify argon gas during the gas recirculation phase which is powered by a bellows
pump. Later the vessels will purify liquid argon circulated by a centrifugal pump.

The pressure relief devices for the LAPD liquid argon filter vessels were sized according to the Compressed Gas
Association’s CGA S-1.3—2008 document. This document is entitled, “Pressure Relief Device Standards Part 3—
Stationary Storage Containers for Compressed Gases.” It is available as part of Fermilab’s Techstreet subscription.

These two identical vessels (PPD10139 and PPD10150) are each equipped with one code stamped pressure relief
valve. The filter vessel containing molecular sieve filter material is protected by PSV-601-Ar while the oxygen
filter material vessel is relieved by PSV-568-Ar. The basic vessel geometry is shown in Figure 1 and the
manufacturer drawings are available in the appendix. The relief valves are each set at 100 psig (115 psid to
vacuum). This is below each vessel’s code stamped MAWP of 150 psig (165 psid to vacuum).

Fire Condition

First the fire condition is considered as it is more difficult to relieve than any other scenario. To begin the calculation, an
estimate of the relief capacity required is computed. This number is then corrected for pressure drop and temperature
rise in the line that leads to the reliefs if required. In CGA section 6.3.3 the following equation is used to calculate the
minimum required flow capacity

Qa = FGiUAO.SZ
where:
. - Btu
U= Overall heat transfer coefficient to the liquid, —
hr- ft™-°F
F= Correction factor for pressure drop and temperature rise in line to relief valve, specified in 6.1.4., 1.0 in initial
calculation.
A= Average surface area of the inner and outer vessels (to be conservative the surface area of the outer vessel is
used in all calculations).
G;= Gas factor for insulated containers.
Q.= Flow capacity required at applicable flow rating pressure and 60 °F in cubic feet per minute of free air.

The heat rate into the liquid is computed using Sl units. All other calculations are performed in English units.

First the overall heat transfer coefficient to the liquid must be computed. For the fire condition it was assumed that the
outer vessel is exposed to an environment that is at 922 K (1,660 °R) and the vacuum space between the inner and outer
vessel has been filled with air at atmospheric pressure (air has a higher thermal conductivity than argon). For simplicity
the vacuum jacket wall temperature is set to 922 K instead of computing a lower wall temperature based upon heat
transfer from a 922 K ambient. The inner vessel wall will be at the saturation temperature of liquid argon at the flow rating
pressure. The vacuum space contains six highly polished aluminum radiation shields. Aluminum radiation shields were
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chosen because both filter vessels are regenerated at 523 K which would destroy Mylar based super insulation. The relief
valves are set at 100 psig (6.89 bar gauge). For the fire condition it must be ensured that the pressure does not exceed
121% MAWP. However the 100 psig (6.89 bar gauge) relief valve set point is below the vessel 150 psig (10.34 bar
gauge) MAWP. Thus the flow rating pressure used is 1.10 x (100 + 14.7) - 14.7, or 111.5 psig (7.68 bar gauge). The
saturation temperature of liquid argon at 111.5 psig is 114.3 K (205.7 °R).

Two heat transfer mechanisms are considered for the fire condition. The first mechanism is radiation exchange between
the vacuum jacket, the aluminum shields, and the inner vessel. In parallel to radiation, convection thru air filling the
vacuum space transfers heat to the liquid argon. Figure 2 details the heat transfer paths.

Several simplifying assumptions were made. The surface area A for all calculations was taken as the surface area of a
cylinder (including the top and bottom) whose outside diameter matches the inner diameter of the vacuum jacket. This is
conservative because the surface area of the radiation shields and the inner vessel (Aier) is significantly less than that of
the vacuum jacket.

A = %(D)2 x 2+ DL = %(23.5 in)’ x2+7wx235 inx 75 in =6,404 in® =4.13 m* = 44.48 f*

s

The inner vessel has a surface area Aj,ner about 2.75x less than that of the vacuum jacket.

A, =Z(D) x2+aDL = %(12.75 in)’ x2+mwx12.75 in x 52 in =2,338 in® =1.51m* =16.24 fi*

inner 4

The emissivity of the inner surface of the vacuum jacket and the outer surface of the pressure vessel was taken as 1.0.
Incropera and Dewitt’'s Fundamentals of Heat Transfer, Fourth Edition, lists the emissivity of highly oxidized stainless steel
as 0.70 at 1,000 K such that 1.0 may be conservative. The emissivity of each of the highly polished aluminum radiation
shields was estimated as 0.1. Incropera and Dewitt give an emissivity of 0.06 for highly polished aluminum at 600 K.

All heat transfer equations were solved simultaneously in EES, the program is available in the appendix. Using the
vacuum jacket ID temperature and the inner vessel OD temperature as inputs, EES computed the temperature of each
radiation shield and the corresponding heat flow. Example calculations are provided below.

Radiation is modeled as exchange between large infinite parallel planes in the following manner where subscript eight
indicates the inner vessel and subscript seven the innermost radiation shield. Below is an example radiation calculation:

567x10"° W
Ao(rf —T¥) 4132m’ 2O x (32464 -11434) K
grady, = —————" mx K =256.1W.
—+—=1 —+--1
€, & 0.1 1

Thermal convection is modeled as cellular flow in a vertical cavity with different sidewall temperatures. Heat transfer thru
the horizontal shields above the inner vessel will occur by conduction because the geometry is essentially a horizontal
cavity heated from above. Thus using the convective heat transfer coefficients computed for the vertical cavity
reasonably accounts for heat transfer in the horizontal portion above the inner vessel. Convective heat transfer thru the
horizontal shields below the filter vessel is also accounted for using the heat transfer coefficients for the vertical cavity. A
check of this assumption occurs in a later section.

For the gap between the inner vessel and the innermost radiation shield (Tg and T7), Incropera and Dewitt’s equation 9.53
is used to compute the Nusselt number Nu;.
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3 _
gpf\T, -T, | hL _
Nu, =0.046Ra,”>, Ra, = ﬁ(7—8), Nu, =—, qconv = hAg(T7 - Ts)
av k ‘
H
1<— <40
L
1<Pr<20
10° < Ra, <10’
where
Ra; = Rayleigh number, dimensionless.
h = average heat transfer coefficient, W / (m2 x K).
L= distance between the heated and cooled surfaces, 0.0794 m ( 3.125 in.) for the gap between the inner vessel and

the innermost radiation shield. The gap between the radiation shields themselves and between the outermost
radiation shield and the vacuum jacket is 0.009525 m (0.375 in.). These gaps were measured.

k= thermal conductivity of the air in the vacuum space, W / (m x K), evaluated for air at ambient pressure and the
average temperature of the two enclosure surfaces T;(average of T7 and Tg) by EES.

H= vertical height of the cavity, 1.651 meters (65 inches).

Pr= Prandtl number, dimensionless (ratio of the momentum and thermal diffusivities), evaluated at the average
temperature of the two enclosure surfaces (average of T7 and Ty).

g= gravitational acceleration, 9.8 m/s®.

p= volumetric thermal expansion coefficient, 1/K, computed as 1/ Ty

a= thermal diffusivity, m?/s, evaluated for air at ambient pressure and T; by EES.

v= kinematic viscosity, m?/s, evaluated for air at ambient pressure and T; by EES.

An example calculation is shown below:
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R 8By(T, -T,)L,y 98 m SO B (324.6-1143) K y 0.07938° m’ y s y s 43x107
a = = =4,
L OlygUsg s 2194 K 1 1 0.00001209m> = 0.000009036m”
3 - 16.12 001 1
Nity =0.046Ra)% =0.064 x (43x107)"* =16.12, g = Uik 1612 0015 W ~39590 )
L, 1 mx K 0.07938 m m”-xK

W ra 4132 m* x(324.6-1143) K =3,441 W

qgconv,s =3.959—
m” x

L H ot 165Im
L L, 007938 m
1< Pr<20, Pr, =0.75

10° <Ra, <10°, Ra, ., =4.3x10’

The correlation is applicable based on the H /L ratio and the Ra, value, the Prandtl number is just out of the correlation’s
range.

The radiation and convection heat flows across each gap sum to a total heat flow that is equal across all gaps.
At the gap between the inner vessel and the first radiation shield the heat flow is computed as

qrad,, + gconv,g =q,,., = 3,441 W +256.1 W =3,697 W .

For the smaller gap between the radiation shields themselves and the outermost radiation shield and the vacuum jacket,
equation 4.91 from the Handbook of Heat Transfer, 3" Edition, is used to compute the Nusselt number Nu,.

2-1/2 - H -
40<Z<110
0.0665Ra,"”
Nu, = |14 2000Ra 1\ 7
000
1+(91’e ) Ra, <10°
a

An example calculation is shown below where subscript two indicates the outermost radiation shield and subscript one the
vacuum jacket:
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T,-T,)L," 9. 1 22-883.513) K 0.009525° m®
Ram=gﬁ2(] )L _o8m,  (022-883513) K 0.009525'm’ s S 5526
IR s T 9028 K 1 1 0.0001423m> = 0.0001004m
272 21172
1/3 1/3
N, = |1+ 0.0665Raml4 i 0.0665(25.2(?1 L, Nk, (1 006241 W 1 655 2W
9,000 (9,000)' L, 1 mx K 0.00925 m m°x K
1+| = 1+
Ram 25.26

W
—— x4.132 m* x (922 -883.513) K = 1,042 W
m°x K

gconv,, =6.552
40 < g0 1651m
L L, 0.009525m
1<Pr<20, Pr,=0.71

Ra, <10°, Ra,,, =25.26

The Nusselt number is 1 which indicates conduction is the primary heat transfer mechanism across the smaller gaps
between the radiation shields and between the outermost radiation shield and the vacuum jacket. The Rayleigh number
of 25.26, which much less than the critical value of 1,708 at which buoyancy forces begin to over come viscous forces,
suggests that in the horizontal gaps between the radiation shields below the inner vessel heat transfer occurs by
conduction and thus the heat transfer coefficients calculated for the vertical radiation shield gaps are reasonable to use for
the lower horizontal shields.

The corresponding radiation contribution across the gap between the vacuum jacket and the outermost radiation shield is:

567x10° W
Ao{rf —1y) 4132m’ x 2O x (922 -883.513¢) K
1”5 m* xK*
grad,, = T 1 = 1 =2,6548 W.
—+—-1 —+—-1
& & 1 0.1

The total heat flow again sums to:

grad,, + qconv,, =q,., =2,655 W +1,042 W =3,697 W.

For the CGA calculation this heat flow must be converted to an overall heat transfer coefficient to the liquid.

q 3,697 W 1 1J 1 Btu 3600 sec 1 m? 1K Btu
h= - - x — x x x > X =0.195——-——
AAT  4.132m*(922-1143) K~ 1 W sec  1055.06 J hr 10.7639ft> 1.8 R hrx ft*?x°F
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To calculate the initial estimate of the relief capacity needed, a gas factor, G;, must be computed. From page 25 of the

1262 psia

—- 100 =17.9%),
Apsia

CGA S-1.3—2008, when the flow rating pressure is less than 40% of the critical pressure (

the following is used to compute G;.

G - 73.4(1660-T) [ZT

' CL M
where

Btu
Latent heat of product at flow rating pressure, 60.68 —— for saturated conditions at 126.2 psia .

C = Constant for vapor related to ratio of specific heats (k=c,/c,) at standard conditions. k = 1.67 for Argon at 60 °F
and 14.696 psia (from EES) which corresponds to C = 378 (Table 4 of CGA S-1.3—2008)
Z= Compressibility factor for saturated vapor at 126.2 psia
b 13 in’
p 126.2.{><0.3685chbl442
%
-V - n T =0.842.
RT, 1545~ =
lbmolR «2057°R
39.948
Ibmol
T= Flow rating temperature, 205.7 °R.
M=

Molecular weight of gas, 39.948 for argon.

13
V= specific volume, saturated vapor at flow rating pressure of 126.2 psia, 0.3685—.

bm
, 73.4(1660 —205.7) [0.842 x 205.7
G; is calculated to be =9.69.
378 x 60.68 39.948

The uncorrected volumetric flow rate was found to be

3

4
0,=10x9.69x0.195 x 44 48" = 42.4f—,of free air.
min
The relief valve is attached to the cryostat thru piping of length of about 6 feet, thus the correction factor F is calculated
according to CGA section 6.1.4

where
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Pi= Pressure at the inlet of the PRD in Ib/in%.
V= Specific volume at the inlet of the PRD in ft/Ib.
P= Flow rating pressure, 126.2 psia.
V= Sfecific volume of the fluid being relieved at the flow rating pressure and temperature defined in 6.1.3, 0.3685

ft’/Ib for saturated argon vapor at 126.2 psia.

The mass flow rate is calculated using CGA equation 6.1.4 a)
w-2C M
1835 VZT
where
Q.. = Calculated flow capacity using the applicable formula from 6.2, 6.3.2, or 6.3.3 with F = 1.0, 42.4 ft*/min of free air.

W= Required mass flow rate of lading through the PRD in Ib/hr of the fluid being relieved.

C= Constant for vapor related to ratio of specific heats (k=cp/cv) at standard conditions. k = 1.67 for Argon at 60 °F
and 14.696 psia which corresponds to C = 378.

M= Molecular weight of the fluid, 39.948 for argon.
T= Temperature specified in 6.1.3, 205.7 °R for saturated argon vapor at 126.2 psia.
Z= Compressibility factor at the temperature specified in 6.1.3 and flow rating pressure, 0.842.

w_QuC [M _424x378 [ 39948 o b,
1835Vzr 1835 V0.842x205.7 hr

The temperature at the inlet of the PRD is computed from 6.1.4 b) where

2145-T,
T = 2145 - 524DL
e Y
T, = Temperature at the inlet to the PRD during full flow conditions in degrees Rankine.

Ts= Temperature specified in 6.1.3 , 205.7 °R.
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D= Outside diameter in inches of the line between the container and the PRD, 1.315 inches for the 1 inch SCH 10
pipe.
L= Length of piping between the container and PRD, 6 ft.
e= 2.71828, the base of natural logarithms.
W= Required mass flow rate of lading through the PRD, 419.5 Ibm/hr.
C,=  Average specific heat at constant pressure of lading between T and 1660 °R, 0.1281 Btu/ (Ibm x °R). This was

found by fitting a curve to C, data provided by the NIST Standard Reference Database 23, Version 8.0 and then
numerically integrating the curve to find the average C, value. The details are available in the appendix.

2145 -T. 2145 -205.7
e V6 £ 419.5%0.1281

The pressure at the inlet of the relief valve is calculated using 6.1.4 c)

Wy
P, =P -3.36x 10-6ﬂ—5
d
P;= Pressure at the inlet of the PRD in Ib/in%.
P= Flow rating pressure, 126.2 psia.
f= Friction factor, calculated using the methods outline in Crane 410 11/2009 edition — see below calculations.
(= Equivalent length of pipe in ft, calculated using the methods of Crane 410 — see below calculations.

W= Required mass flow through the PRD, 419.5 Ibm/hr.

v= Specific volume of the fluid being relieved at the flow rating pressure and average temperature between T; (1,246
°R) and T,(205.7 °R), 1.546 ft*/Ib at 126.2 psia and 726.1 °R.

d= Internal diameter of the pipe, 1.097 inches for 1 inch SCH 10 pipe.

The path to the relief valve has 6 feet of straight pipe. In addition to the straight pipe it flows thru four elbows and the
branches of two tees. Each elbow is a 1 inch SCH 10 short radius elbow which has a r/d of 1. Thus the K value for one
bend is 20 x fr from page A-30 of Crane 410. fris the friction factor in the zone of complete turbulence which is equal to
0.02224 for clean commercial steel pipe with an inside diameter of 1.097 inches according to the plot on page A-26 of
Crane 410.
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Diverging flow thru the branch of a 90 degree tee where the branch flow is the entire flow results in a K value of 0.64
according to Figure 2-16 on Crane 410 page 2-16. A K value of 0.78 is included to account for entrance losses.

The resistance coefficient for straight piping is computed from Crane equation 2-4 which is
L
K=f—.
! D

fis computed using the Colebrook equation which is Crane 410 equation 1-20

R 501 £ 2.51
T T RS

The Reynolds number R, is computed using Crane 410 equation 6-3 where the dynamic viscosity u was calculated by
EES to be 0.028978 centipoise at 126.2 psia and the average temperature between T; and T; of 726.1 °R.

419.
R, =6315 —6315 0> 83336,
du 1.097 x 0.028978

&, the absolute roughness, was estimated as 0.00015 using the data on Crane 410 page A-24 for commercial steel.

Using EES to solve the implicit equation Colebrook, f was computed as 0.02447 (see appendix for EES program).

Thus the total resistance between the vessel and the relief valve is computed as

6 ft
1.097 in

"
ft

L
K=4x20f, +2x0.64 +O.78+f5 =4 x20x0.02224 +2 x 0.64 +0.78 + 0.02447 =5.445.

The equivalent length of straight pipe is then calculated as follows:

5445 x 19T in ‘09l7nl”
. 12"
=22 20345
7 02447

The inlet pressure drop is then calculated as

06 fIW?  0.02447 x 20.34 x 415.9° x 1.546
5 =

P =1262-3.36x1 s
1.097

=126.2-0.282 =125.918 psia.

The specific volume of the vapor at the relief valve inlet conditions of 125.918 psia and 1,246 °R, v;, is 2.666 ft3/lbm.
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The correction factor F is then calculated per 6.1.4 e).

. =\/av,. =\/125.918 x2.666 _, o
Py 126.2 x 0.3685

t3
Q.. =2.687x9.69x0.195 x 44.48"% =1 14.1L of free air .
min

The Rockwood Swendeman model 710NBEF-A relief valve protecting the cryostat has a discharge capacity of
282 cubic feet per minute of air at 10% overpressure beyond its 100 psig set point and thus should easily handle
the fire case. Relief valve data available in the appendix.

As an additional check, pressure drop thru the filter bed and the screen used to retain the filter material is estimated to
ensure that it is negligible. The fire case, which generates the largest mass flow rate, assumes a filter vessel full of liquid
argon such that the saturated vapor generated due to this peak mass flow case does not have to travel the entire length of
the filter bed to reach the relief valve. To be conservative pressure drop thru the filter beds is calculated assuming the
argon gas has warmed from the flow rating temperature of 114.3 K to 300 K and its assumed that the all the vapor
generated passes thru the entire filter bed.

The filter pressure drop equation is taken from Union Carbide Molecular Sieve literature which is available in the
appendix.

frCG’L
filter = )
pfilteer
where
fr = friction factor determined from the modified Reynolds’s number of Remod =—"_ and plot in the Union Carbide
Aufilter
Molecular Sieve literature
C; = p1r(<)essure drop coefficient determined from plot in Union Carbide literature for external void fraction of 0.37, 3.6 x
10°
w = argon mass flow rate, 419.5 Ib/hr for the fire case
b
G = superficial mass velocity, G = = hr2 =501.02 >
Aﬁlw 0.8373 ft hr- ft

Aswer = cross-sectional area of the filter, 0.8373 ft° (12.39 in. ID for 12 inch SCH 10 pipe)
usrer = argon gas viscosity, 0.05534 Ib/(ft*hr) (argon gas at 80.3 °F and 126.2 psia)

D, = effective particle diameter of filter material, D, = 0.00336 ft. for oxygen filter material, D, = 0.00666 ft. for
molecular sieve material.

L = length of filter bed, 3.33 ft.
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Priter = argon gas density, 0.874 1b / ft® (argon gas at 80.3 °F and 126.2 psia)

The modified Reynolds number for each filter is

(.00336ft) 501.021b 00666 f1)  501.021b
Remod,oxygen = lb hl"' ft2 = 304’ Remod,molecularsieve = ( lb) hl"‘ ﬁz = 603
0.05534—— 0.05534——

ft hr ft hr

Based on the modified Reynolds numbers, fris 2.55 the oxygen filter and 1.78 for the molecular sieve.

_2.55x36x 107" x 501.02° x 3.33

AP(),W en = 0.261 pSl
8 0.874 x 0.00336
1.78 x 3.6 x 107" x 501.02% x 3.33
AI)molecular = . . . x = 0092 pSl
0.874 x 0.00666

Thus the pressure drop thru the filter beds themselves is negligible and in reality would likely be much lower due to colder
vapor temperatures and the fact that not all of the vapor would have to pass thru the entire bed.

Vapor generated during a relief event must pass thru the filter material retention screens. The screen is shown in FNAL
drawing # 489456. The screen assembly consists of two slotted plates sandwiching two screens. Using ImagedJ software
the slot open area was calculated as 32 in® = 0.222 f*. Item 4 in drawing # 489456 will be referred to as screen 1 for
calculation purposes and has a 60 x 60 mesh, 0.0075” wire diameter, 0.009” opening width, and 30.5% open area. Item 3
in drawing # 489456 will be referred to as screen 2 for calculation purposes and has a 8 x 8 mesh, 0.035” wire diameter,
0.09” opening width, and 51.8% open area.

The 5" edition of the Chemical Engineers’ Handbook by Perry and Chilton has an equation for pressure drop thru screens
on page 5-37. It states that flow thru a screen can be considered as flow thru a number of orifices or nozzles in parallel.
It also notes that for a series of screens the over-all head loss is directly proportional to the number of screens in series
and is not affected by either the spacing between successive screens or by their orientation with respect to one another.

Since the two screens are different sizes, the pressure drop will be calculated individually across each screen using
equation 5-100 from the Chemical Engineers’ Handbook.

(e

Ah = head lost, ft. of fluid flowing

n = number of screens in series, dimensionless, 1 because the screens are calculated individually

C = screen discharge coefficient, dimensionless,s C is a function screen Reynolds number Ng,

a = fractional free projected area of the screen, dimensionless, 0.305 for screen 1 and 0.518 for screen 2
74 = superficial velocity ahead of screen, ft/sec

[0 8 = dimensional constant, 32.17 (Ib.)(ft.)/((Ib. force)(secz)
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D¢ = aperture width, 0.00075 ft. for screen 1 and 0.0075 ft. for screen 2
o = fluid density, 0.874 Ib/ft> for argon gas at 126.2 psia and 80.3 °F
u = fluid viscosity, 0.00001537 Ib/ft-sec for argon gas at 126.2 psia and 80.3 °F

The superficial velocity ahead of the screen is calculated from the fire relief event mass flow rate and the open slot area

3
=L=419.5&x L hr X i X ! 5 =0.6i.
PXA .. hr 3600 sec 0.8741b 0.222 ft sec

The screen Reynolds number for screen 1 is

000075 x0.6x0.874
ke 0305 x0.00001537

and the screen Reynolds number for screen 2 is

_0.0075x0.6x0.874
R 0.518 x 0.00001537

such that the screen discharge coefficient C is 0.7852 for screen 1 and 1.155 for screen 2 according to figure 5-44
Chemical Engineers’ Handbook.

The pressure drop for screen 1 is then

1 \1-0305*) 0.6 0874 b  1ff
Ah =( 2) . =0.088 ft =0.088 fi x ———— x ft ~ =0.0005 psi
0.7852° | 0.305> 2x322 fi 144 in

and for screen 2 is

1 \1-0518%) 06 0874 b 1ff
Ah =( 2) . —0011ft =0.011ft x ——— x fr - =0.000067 psi.
1.1552 ) 0518 )\2x322 fi 144 in

Thus the filter material retention screens are not a significant restriction during a relieving event.

Loss of Vacuum Condition

Because the fire condition includes atmospheric air in the vacuum space, the preceding fire calculation also indicates the
relief capacity is more than adequate for an operational loss of insulating vacuum.

Vapor Generation Due to Filter Regeneration Gas Heaters

Two Omega model AHPF-122 gas heaters (HTR-612-HAr & HTR-634-HAr), mounted externally with respect to the filter
vessel assembly, can heat nitrogen or a non-flammable mixture of hydrogen/argon from room temperature to 250 C to
regenerate the filters. The nitrogen is supplied by LN2 tanker # 22 which has a MAWP of 50 psig, thus the nitrogen
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source cannot over pressurize the filter vessels. The premixed hydrogen/argon is supplied by a tube trailer. The tube
trailer supply is relieved by PSV-108-H set at 100 psig such that the hydrogen/argon regeneration gas supply cannot over
pressurize the filter vessels. PSV-108-H is identical to the relief valves protecting the filter pressure vessels such that its
capacity of 282 SCFM at 100 psig air exceeds the 150 SCFM capacity of the Matheson Model 3201 pressure regulator
connected to the tube trailer, PRV-106-HAr. See appendix for regulator details.

Temperature of the Inner Vessel

Although the filter regeneration gas flow cannot over pressurize the vessels, it must also be shown that the code stamped
upper temperature limit of +932 °F cannot be exceeded. In addition to PLC PID heater control, two hardwired
temperature interlocks protect the filter vessels. One interlock pair senses the heated gas temperature at the heater
outputs (TE-635-HAr & TE-636-HAr), while the other interlock pair (TE-621-Ar & TE-626-Ar) looks at the temperatures at
the inlet of the filter beds. These are hardwired temperature interlocks that are independent of the PLC and drop the
heater AC power if the measured temperature exceeds +572 °F. To restart the heater AC power the temperature must
drop below +572 °F and a physical reset button must be pushed.

Filling of the LAPD Tank

Liquid argon used to fill the LAPD tank will pass thru the filter vessels detailed in this pressure vessel note. The LAPD
tank has a MAWP of 3 psig. To protect the LAPD tank during its fill, the supply tanker will have its liquid pump locked out.
This pump lockout will be part of the filling procedure and verified by a Fermilab engineer. The MAWP of the liquid argon
supply tanker will be verified at the time of the tankers arrival. It is believed the MAWP of the supply tanker will be 60 psig
based upon vendor discussions such that the liquid argon supply tanker cannot over pressurize the filter vessels.

Liguid Argon Pump

A Barber-Nichols liquid argon pump receives liquid from the LAPD tank and pumps it through the filter vessels. According
to the manufacturer, it can create a maximum differential pressure of 62.4 psi (pump curve available in the appendix).
The maximum vapor pressure in the LAPD tank is 3 psig. The maximum liquid head height above the pump suction is 14
feet, assuming liquid reaches the highest point of the tank dished head which is 12 ft. and allowing for the 2 foot drop to
the pump suction. Thus the maximum pressure available at the pump suction is

322 ft
wpy xgxh =32 gptom, Lslug 21 14
S

§ Ibf
in>  f° 322 Ibm

11 Ibf x s
5 X =11 5—2
144 in~  slug x ft in

p vapor

and therefore the maximum pressure the pump can create is 62.4 + 11.5 = 73.9 psi. This is less than the 100 psig set
point of the filter vessel relief valve such that the liquid pump cannot over pressurize the filter vessels.

Vapor Compressor

A vapor compressor draws vapor from the main tank and pumps it thru the two filter vessels before it returns to the tank.
The vapor compressor is a Senior Aerospace model MB-602 metal bellows compressor. Its manufacturer data is
available in the appendix. It is relieved by PSV-361-Ar which is a Circle Seal 5100 series size 2MP relief valve set at 40
psig. The compressor, which is connected in parallel, provides 0.5 SCFM of flow at 40 psig. A Circle Seal 5100 series
2MP provides 5.5 SCFM of relief capacity at 40 psig (data available in the appendix) such that the bellows pump cannot
pressurize the filter vessels.

Filter Vessel Vacuum Relief

Each filter vessel is contained within its own insulating vacuum. Vacuum breaks prevent communication between the filter
vessel insulating vacuum and the piping insulating vacuum. The parallel plate relief is installed without springs and only 2
of the 4 guide bolts to ensure smooth operation. According to Eden Cryogenics drawing BC-02128-0103 the outside
diameter of the parallel plate top plate is 5.5 in’, the thickness is 0.5 in, and the material 304 stainless, which has a
density of 0.28 Ib/in®. The weight of the parallel plate top relief is
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02816 _ 3.33 Ib.

. 3 -

7(5.5%) in* x 0.5 in x
4 in

Eden drawing BC-02128-5875 dimensions the sealing o-ring diameter as 4.137 inches. Thus the force required to lift the
top plate is the weight of the plate divided by the internal area against which pressure acts:

333 b Ib
025

T

~(4.137?) in® n

4

Thus the cracking pressure of the parallel plate relief is 0.25 psi.

According to the CGA S-1.3—2008 5.4, the area of a vacuum relief in sq. in. should be 0.00024 in’/lb of vessel water

capacity. The density of water is about 8.34 Ib/gal. The vacuum jacket volume is estimated as a cylinder of 24 inch SCH
10 pipe 75 inches tall (the displacement of the inner vessel is ignored).

1gal y 8.34 Ib
231in’ gal

%(23 .52) in> x 75 in x =1,174.5 Ib water capacity.

Thus the required vacuum relief area is

)
1

0.00024 7b x1,174.51b =028 in’.

The parallel plate is sits atop a 3 inch SCH 10 pipe. The vacuum relief flow area is
T

~(3.26°) in® =835 in’

4

which is much larger than the required 0.28 in? such that the vacuum jacket is adequately relieved according to CGA S-
1.3—2008 5.4.

Condensation

The saturation temperature that corresponds to the relieving pressure of the liquid argon is 114.3 K. This temperature is
above the boiling point of nitrogen (77.4 K) or oxygen (90.2 K) such that condensation of the major components of air will
not occur.

At atmospheric pressure carbon dioxide deposits directly to a solid. Air contains about 388 ppm CO, by volume. The
heat of sublimation of CO, is 199,000 J/kg. The density of CO, at standard conditions (70 °F & 14.7 psia) is 0.114 Ib/ft°.
The air flow required to deposit CO, on the surface of the liquid argon vessel at a rate equal to the 3,697 W fire case heat
load is calculated as follows

k 221b 7 3 >
3,6971 x 20\ 2 x 60. IV~ N 1ﬁ“i’6 = 63,643ft—?"-
s 199,000  1kg,  min 0.114 lb,, 338 x107 fic,, min

It is not possible for 63,643 SCFM of air to flow into the vacuum jacket to provide CO, for this rate of sublimation.
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The latent heat of condensation for water at 70 °F is 2,455,000 J/kg-K. At 70 °F saturated air contains 0.00109 Ib of water
per cubic foot of air. Thus to condense the moisture in air at a rate that corresponds to the fire case heat input requires an
air flow of

k 221b > >
3,6971 X B0 x 10 % 60, 5w Sl =183 ﬁ‘,‘" )
s 2,455,000J 1lkg,, min 0.0010861b,, min

Once the moisture is removed from the air in the 19 ft* vacuum jacket, there is no mechanism to displace stagnant dry air
in the vacuum jacket with a 183 SCFM flow of fresh moist air.

Vent Pressure Drop for PSV-601-Ar and PSV-568-Ar

The relief valves for both filter vessels vent into the room.
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191 m
(75 in)

LAPD filter vessel —

Eden Cryogenics drawing BC-02128-5800-01

100 psig ASME code stamp relief valve
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Qrotar = 3,697 W, calculated heat flow
Heat transfer from the ambient to the liquid
argon by combined convection and radiation

Stainless steel vacuum jacket at 922 K (1,200 F)
@— 24 inch SCH 10 pipe
0.60 meter ID (23.5 inches)

Six highly polished aluminum radiation shields
p ~ 0.009525 meter spacing (0.375 inches)
—~ (0.0794 meter spacing (3.125 inches)

Stainless steel vacuum jacket at 114.3 K (-254 F)
=12 inch SCH 10 pipe
0.32 meter OD (12.75 inches)

Liquid argon at a flow rating pressure of 8.7 bar

absolute (126.2 psia)

@—::= 1.0, T, = 922 K input
T,=883.5K )
T;=817.9K
T,=T740.4K
Ts=644.9 K
—— 6= 0.1, T;= 518.4 K
—;=0.1,T,=3246K _J
— 5= 1.0, T = 114.3 K, input

e £ = (0.1,
e £3= 0.1,
— = 0.1, Calculated

—c5=0.1, >temperatures

—\/acuum space filled with air

. . @}—Adiabatic surface

®— Heated surface

Convection modeled
as cellular flow in a
vertical cavity.

Cooled surface——

WY

—>. .L. <+

Figure 1: Dimensions, properties, and results for the fire case relief valve calculation.
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A 7}4 —T;) q_total = grad _12 + gconv _12

radiation radiation radiation radiation radiation

grad_12 grad_23 grad_34 grad_45 grad_56 grad_67

q_total
3,697 W

922 K, vacuum jacket temperature
9
S
Y
)
Il
O Tg =114.3 K, inner vessel temperature

X

Te}

m . .
radiaton ¥  radiation

]

N

|_

O

O T4=740.4K
O Ts=6449K
OTs=518.4K
OT7=3246 K

OT,

qconv_12 qconv_23 qconv_34 gconv_45 qconv_56 qconv_67

convection convection convection convection convection convection convection

Figure 2: Heat transfer resistance network for the fire case.
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WORKING EQUATION

~ The Ergun equation(2) for the calculation of pressure drop in adsorbent beds is in good
agreement with numerous pressure drop measurements made in Union Carbide laboratories
and on commercial adsorption units for both gas phase and liquid phase operation.

Use the following modified form of the equation to calculate pressure drob through
Molecular Sieve beds:

AP f,CG?
T 7 pD,
where: ,

C, = pressure drop coefficient (ft) (sq hr)/(sq in)
D, = effective particle diameter(®), ft.
f, = friction factor

G = superficial mass velocity, Ib/(hr) (sq ft) N
L = distance from bed entrance, ft. &\pef;\ éeg\%‘w}

AP = pressure drop, psi
= fluid density, Ib/cu ft.
AP/L is the pressure drop per unit length of bed in psi/ft.

©
|

The friction factor, f, is determined from the'aécompanying graph (page 3) which has

f, plotted as a function of modified Reynold’s number. . -

Modified Re = D, G/,

u = fluid viscosity, Ib/(hr) (ft)
[multiply centipoise by 2.42 to obtain 1b/(hr) (ft)]

The*pressure drop coefficient, C,, is determined from the graph (page 3) which has C;
plotted as a function of external void fraction, €. '

The suggested values for € and D, for various sizes of LINDE Molecular Sieve are:

€ D,

178-inch pellets 037 00122ft.
1/16-inch pellets 037  0.0061 ft.

14x30 mesh granules 0.37  0.0033 ft.

(a) Ergun, S., Chem Engr Prog, 48, 78 (1952)
D :
(b) Dy = G+ (1/3) (Do/Lo) where Dy is the particle diameter and L, is the particle length
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EXTERNAL VOID FRACTION, €

(’\3 0.33 0.34 0.35 0.36 0.37 0.38 0.39 0.40
. 6
1000 .
. 5
“!- N
lf . -
: 4
e = =
Q -3.6
w1001 ‘ '
z [t
o =
P‘ -
0 saoeatiil
m -~
b H
- £t
10 f 2
EXTERNAL VOID FRACTION, €=0.37
£ =
/\’\‘ 140 i ; il
(_, V 0.1 1 10 100 1,000 10,000
B DpG _ '
MODIFIED REYNOLDS NUMBER,— —

Determine the pressure drop through an 8 ft. diameter by 10 ft. deep bed of LINDE
Molecular Sieve 1/16-inch pellets drying 55 MMSCFED of gas at SO°F and 420 psig. The gas
has a molecular weight of 25, a viscosity of 0.010 cp, and a density of 2.0 Ib/cu.ft. at

%
operating conditions.
55 x 10% SCFD _25 lbs/mol 1 | |
= T4 hrsjday _ 379 SCF/mol 7 (8)?/4 sq. ft.~ 3000 Ib/(hr) (sq.ft.)
: _ ., _(0.0061)(3000) _
Modified Re = D,G/py = (342 (0.010) 756
f, (from figure)= 1.07 ‘ :
C, (from figure for e of 0.37) = 3.6x1071°
AP _ (1.07) (3.6) (3000)% (10-10) _ .
| L~ (2.0) (0.0061) = 0.28 psi/ft.
( For a bed depth of 10 ft.

AP = (0.28) (10) = 2.8 psi
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For flow through a curved pipe or coil, a secondary circulation

offfu ﬂ id called the double-eddy or Dean eEect takes place in a plane

t angles to the main flow. Because of this circulation the

at I n loss in the curved pipe is greater than in an equal length

o
f:f](;ttlmght pipe. This circulation also stabilizes laminar flow, thus
10—
e—
6»—* -
— o
:lJ . LA at
- AT
2 ~
L -4—‘/
o 2 4 68102 2 4 68103 2 4
bs (D )"2
# " De

Fo. 5-43. Equivalent length for curved pipe in lammar flow.
[White, Proc. Roy. Soc. .(London), A-I23, 645 (1929).] -I-: =1 '

12
forBG—(-P-) <10,
e \D,

increasing the critical Reynolds number. The maximum Reynolds

pumber, or critical Reynolds number, for laminar flow as a function
of pipe diameter and coil diameter is given by Srinivasan, Nan-
dapurkat, and Holland [Chem. Engr. (London), No. 218, CE113-
CE119 (May, 1968)]:

S 5
(Voo = 2100 (1 +12 /—-)
A D,

for 10<D,/D < 250, where (Ng Jerit = (DG/}L)cﬂt = critical
Reynolds number, dimensionless; D = pipe diameter, ft.;
diameter, ft.; G = mass velomty, Ib./(sec.)Xsq. ft.); p = ﬂmé viscos-
ity, Ib./(ft. )(sec ).

Total friction loss for laminar flow in curved pipe can be ex-
pressed in terms of an equivalent length L, of straight pipe. Ratio
of the equivalent to actual coil center-line length L,/L is a function
of the Dean number or Ng,VD/D, as shown in F1g 5-43 (see also
Srinivasan et al., loc. cit.). This curve is accurate to within +5

(5-98)

per cent. A summary of published theoretical work plus their.

theoretical analysis of pressure drop in laminar flow in a coiled tube

= coil -

FLOW IN PIPES AND CHANNELS -5-37

is given by Larrain and Bonilla [Trans. Soc. Rheology, 14(2), 135-147
(1970)]. The friction loss for turbulent flow can be computed from
the Fanning equation, Eq. (5-52), where for industrial helices the
friction factor f, is given by the empirically determined equation

(see Srinivasan et al., loc. cit.): - .
D05
- f,= 0.08N32%5 + 0.01 (E) (5-99)

c
Equation (5-99) is probably accurate within =10 per cent.

The pressure drop for flow in spirals is discussed by Srinivasan

~ etal., loc. cit., and Ali and Seshadri [Ind. Eng. Chem. Process Design

Deoelop 10, 328-332 (1971)].

Screens. The flow through a screen can be considered as - flow
through a number of orifices or nozzles in parallel. Thus the pres-
sure drop or head loss across a screen can be computed from an
orifice-type equation. The resulting equation for head loss is

o= () () )

where Ah = head loss ft. of fluid flowing; n = number of screens
in series, dimensionless; C = screen discharge coefficient, dimen-
sionless; & = fractional free projected area of screen, dimensionless;
V = superficial velocity ahead of screen, ft./sec.; g, = dimensional
constant, 32.17 (Ib.)(ft.)/(Ib. force)(sec.?). Experimental data [Groot-
enhuis, Proc. Inst. Mech. Engrs. (London), A168, 837-846 (1954)]
indicate that for a series of screens the over-all head loss is directly
proportional to the number of screens in series, as given by Eq
(5-100), and is not affected by either the spacing between successive
screens or by their orientation with respect to one another.

Screen dlscharge coefficient C is a function of screen Reynolds
number, N, = DVp/ap., where D = aperture width, ft.; p =
fluid densxty, Ib. /cu 5 po = fluid v1sc051ty, Ib. /{ft. )(sec) For plain
square-mesh screens, Lapples plot of C vs. Ny, is given in Fig.
5-44 (courtesy of E. I. du Pont de Nemours & Co) This curve
represents most of the data to within 20 per cent. Coefficients
greater than 1 probably indicate that the effective free area is larger
than that of the projected area and that there is partial recovery
of head due to the downstream rounding of the wires.

A correlation of over-all frictional losses across plain square-mesh
screens and sintered gauzes is given by Grootenhuis (loc. cit). A
correlation based on a packed-bed model for plain, twill, and
“dutch” weaves is presented by Armour and Cannon [Am. Inst.
Chem. Engrs. J., 14, 415-420 (1968)].

Baffles. For segmental baffles, such as tubé-bundle baffles in heat
exchangers, the over-all friction loss for turbulent flow can be

(5-100)

N D WO

O 00 OO
N OIS D@D
\

Discharge coefficient C

O

(o]e)
e
\

004 ‘.

003

002}~

0.0}

ol .- 10 o

Reynolds number Ny
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16000 100,000

DsP

fic, . '
4. Screen dlscharge coefficients, plam Square-m&sh screens. (Courtesy of E. 1. du Pont de Nemours & Co.)
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TYPE RXSO

0 - 400 psig

Rochw’*c‘“"”‘“‘mé“&”’*él
Swendeman

BRONZE
SAFETY RELIEF VALVES

Filter vessel ASME relief mfg info, PSV-568-Ar & PSV-601-Ar,
Also used for PSV-108-HAr

Technical Data

Operating Ranges

Temperature ............... -423°F to +400°F
Set Pressures ............... to 400 psig
Materials of Construction
Shell .....coovviiiiiinn, Cast Bronze,
A.S.M.E SB-62
Base.....o.coovviiiiiinnnnn, Forged Brass,
Alloy C37700
Trim Copper Alloy
Spring .ooooeeee Stainless Steel
17-7 PH AS.TM.,
A-313, Type 631
Tests

Each valve is set, tested, retested and sealed at
the factory to the customer’s specifications.

Sizes
Inlet - 1/2 inch to 2 inch

Qutlet - 3/4 inch to 2-1/2 inch

Applicable Codes

Designed and manufactured to meet:
* CGA S-1.2 and S-1.3.
¢ 14301 (Cryogenic Non-Oxygen)
¢ \-4401 (Oxygen)
e ASME sec.VIIl
¢ API 527
¢ AD-Merkblatt A2
¢ CRN 0G0591.9

Features

e Special Teflon® seat, making bubble-tight
seals possible to over 90% of set
pressures per spec APl 527; not
applicable to steam.

e Adjustable blowdown ring

e Meets AD-Merkblatt A2 certified by TUV
e Cleaned and packaged for use in O,
service in compliance with the CGA
specification G-4.1
Additional cleaning specifications:

* 4WPI-SW70003  * ES.660.503
* GS-38 * GS-40
Application

e Especially recommended where noxious
or expensive liquids or gases place a
premium on seal quality.

e Stationary Cryogenic storage tanks
e Dual Safety relief systems

e Overpressure relief of tanks, pipelines,
vessels, pumps

e Air and gas compressors
e Corrosive industrial applications

Options
e Large and Extra Large Capacity
Consult factory for flow rates

e BSP threads are available on most sizes
Lever operation
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Dimensions & Characteristics Type RXSO

AIR CAPACITY TABLE
Discharge capacities in cubic feet per minute of air at 10% or 3 PSI, whichever is greater, overpressure.

, 1/2 3/4 1 1-1/4 . 1/2 1/2 3/4 1 1-1/4
'Ig'(;f ess'zes 12 34 1 1174 1172 'I"I:‘::]Sges 34 34 1 1174 1-1/2
3/4 1 1-1/4 1-1/2 2 1 1-1/4 1-1/2 2
; 374 1 1-1/4 1-1/2 2 . 3/4 1 1-1/4 1-1/2 2
Outlet Sizes 1 14 12 2 22 Outlet Sizes 1 14 12 2 212
) A B ¢ D E : A B c D E
SeatDiameter /o, 000 1250 1500 2000 SeatDiameter /o) 1000 1250 1500 2000
Flow Area 0.118 0.204 0.326 0.424 0.628 Flow Area 0.118 0.204 0.326 0.424 0.628
Set Pressure Set Pressure
10 36 63 100 130 193 210 321 555 887 1153 1708
15 43 74 118 154 227 215 328 567 907 1179 1747
20 48 85 136 177 262 220 335 580 927 1205 1785
25 55 96 154 200 297 225 343 592 946 1231 1823
30 62 108 172 224 332 230 350 605 966 1257 1861
35 70 120 192 250 370 235 357 617 986 1283 1900
40 77 133 212 276 408 240 364 629 1006 1308 1938
45 84 145 232 301 446 245 371 642 1026 1334 1976
50 91 157 252 327 485 250 378 654 1046 1360 2014
55 98 170 271 353 523 255 386 667 1066 1386 2053
60 105 182 291 379 561 260 393 679 1085 1412 2091
65 113 195 311 405 599 265 400 692 1105 1437 2129
;g 1 2(7) g% gg} jgg ggg 270 407 704 1125 1463 2167
275 414 716 1145 1489 2206
80 134 232 37 482 714 280 422 729 1165 1515 2244
gg 1 3; gg;‘ 251:’(1) ggi ;gf 285 429 741 1185 1541 2282
290 436 754 1204 1567 2320
95 156 269 430 560 829 295 443 766 1224 1592 2359
100 163 282 450 585 867 300 450 779 1244 1618 2397
] ?g ] ;‘7’ gg;‘ jgg g;} ggi 305 258 791 1264 1644 2435
115 184 319 510 663 982 310 465 803 1284 1670 2473
b b e 230 689 Byiveod 315 472 816 1304 1696 2511
195 199 214 249 715 1058 320 479 828 1324 1721 2550
130 508 356 289 10 1097 325 486 841 1343 1747 2588
135 213 369 589 766 1135 330 493 853 1363 1773 2626
140 220 381 609 792 1173 335 501 866 1383 1799 2664
145 298 393 629 818 1211 340 508 878 1403 1825 2703
345 515 890 1423 1851 2741
150 235 406 649 844 1249
755 545 718 668 869 1588 350 522 903 1443 1876 2779
355 529 915 1463 1902 2817
1 24 431 132
1 gg 252 423 ?33 33? 1 362 360 537 928 1482 1928 2856
175 571 468 748 973 1441 370 551 952 1522 1980 2932
180 578 280 768 999 1479 375 558 965 1542 2005 2970
185 285 493 788 1024 1517 380 565 977 1562 2031 3009
190 292 505 807 1050 1555 385 990 989 1582 2057 3047
195 299 518 827 1076 1594 390 580 1002 1602 2083 3085
200 307 530 847 1102 1632 395 587 1015 1621 2109 3123
205 314 543 867 1128 1670 400 594 1027 1641 2135 3162
DIMENSIONS & WEIGHTS
Inlet Outlet A B C Weight Max Psi
% % 5 "% 2 %o 1 "% 2 Ibs. max 400 psi
% 1 6 %s 2 %%, 1 % 3 Ibs. max 400 psi
% % 6 %s 2 %s 1 %6 2 |bs. max 150 psi
% 1 6 %o 2 %%, 1 % 3 Ibs. max 400 psi
1 1 7 % 2 "% 1% 4 |bs. max 150 psi
1 1% 7 %s 3 % 1 % 5 Ibs. max 400 psi
1% 1% 8 %%, 3% 2 %s 6 Ibs. max 150 psi
1% 1% 9% 3 e 2 %s 7 Ibs. max 400 psi
1% 1% 9 %% 3 e 2 %s 7 Ibs. max 150 psi
1% 2 10 % 3 % 2% 9 Ibs. max 400 psi
Py vl 2 2 10 % 3% 2% 9 Ibs. max 150 psi
L g 2 2% 10 % 4 e 2 % 10 Ibs. max 400 psi

TO ORDER: See Page 14
—-5—
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SAFETY RELIEF VALVES

How To Order
Sample: 710 N B D E -A 025
MODEL NUMBER |— SET PRESSURE |=100 psig
RXSO Bronze ASME coded with O, cleaning
75 RXSO Bronze TUV coded with O, cleaning VALVE SERVICE (For Set Valves)
760 - RXSO-S Stainless Steel RXSO with O, cleaning [A - Air/ Gas Sec. VIl |
770 - RSL Bronze Non ASME coded with O, cleaning N - Air/Gas/ Liquid Non Code
775 - RSL SS Non ASME coded with O, cleaning E - Air/Gas TUV
Z - Other
CAP
[N] - Plain Cap ———— OUTLET SIZE (inches)
E - Open Lever D - 3/4
E - 1
ORIFICE F_-_1-1/4]
- G - 1-1/2
A - 0.750 H. 2
C - 1250 J 2-1/2
D - 1.500 .
E - 2.000 INLET SIZE (inches)
C - 12 F- 1-1/4
D - 34 G- 1172
E_- 1] H- 2
DIVERTER AND CRYOTREE™
How T rder CRYOTREE only
ow To Orde YOTHEE ¢
Sample: 790D F D C A B-E B 250
MODEL NUMBER ———— L SET PRESSURE
780 - Diverter Valve
790 - CryoTree™ SRV ORIFICE
) A - 0.750
DIVERTER VALVE SIZE (inches) B - 1.000
D - 34 C - 1.250
E -1 D - 1.500
E - 2.000
ORIFICE SRV OUTLET
F - Ful D - 34
- E - 1
TOP PORT (inches) F oo 11/
D - 34 H- 2
E -1
F - 1-1/4
MATERIAL
BOTTOM PORT (inches) B - Bronze with 316 Stem
A - 1/4 E- 1 _
B - 3/8 F - 1-1/4 SIDE PORT (inches)
c - 12 G - A - 1/4 D - 34
D - 38/4 B - 3/8 E - 1

c - 12 F - 1-1/4

SC RS/0604

—14 -
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%? Regulators

PRV-106-HAr, regulator that supplies filter regeneration gas

BELL Model 3200 Series
Single-Stage High-Purity/High Flow Brass and Stainless Steel Regulator

siole|nbay

Description
High-purity regulators for use with high flow rate applications.

Applications
* Applications requiring a high flow rate, such as purging of large
reactor or storage vessels.

Design Features/Components

¢ High-purity nickel plated brass barstock or 316 stainless steel
body

* 316 stainless steel diaphragm

* Panel mountable

* Bonnets are ported and threaded to pipe gases away
from the work area

* Available as an in-line regulator or a cylinder regulator

Materials of Construction

Body: 316 stainless steel or nickel plated
brass barstock

Bonnet: Stainless steel

Diaphragm: Teflon lined 316 stainless steel

Seat: Kel-F 81

Seals: Teflon

Specifications

In-Line Regulator Cylinder Regulator
Maximum Inlet Pressure: 3000 psig 3000 psig

(20,700 kPa) (20,700 kPa)
Maximum Flow Rate: See Table Below*
Flow Capacity (Cv): 1.0 1.0
Operating Temperature: -40°F to 165°F -40°F to 165°F

(-40°C to 74°C) (-40°C to 74°C)
Inlet Ports: 1/2" NPT Female 1/2" NPT Female
Outlet Ports: 1/2" NPT Female 1/2" NPT Female
Outlet Connection: None 1/2" tube fitting
Gauge Ports: 1/4" NPT Female 1/4" NPT Female
Bonnet Vent Port: 1/16" ENPT 1/16" ENPT
Shipping Weight: 4 1bs 51bs

* Maximum Flow Rates for In-Line Regulators and Cylinder
Regulators (at 2500 psig inlet pressure)

Delivery Pressure Flow Rate
50 psig 100 SCEM (2832 SLPM)
[100 psig 150 SCFM (4248 SLPM)|
125 psig 200 SCEM (5664 SLPM)
200 psig 250 SCFM (7080 SLPM)

Ordering Information L
In-Line Regulator Models

Delivery Pressure  Delivery Pressure

Model Number Range Gauge
Stainless Steel Models

3200 0-50 psig 0-100 psig
3201 0-100 psig 30"-0-200 psig
3203 0-150 psig 30"-0-300 psig
3204 0-250 psig 0-400 psig
Brass Models

3240 0-50 psig 0-100 psig
3241 0-100 psig 30"-0-200 psig
3243 0-150 psig 0-400 psig
3244 0-250 psig 0-400 psig

Cylinder Regulator Models

Delivery Pressure  Delivery Pressure  Cylinder Pressure

Model Number Range Gauge Gauge
Stainless Steel Models

3200-CGA 0-50 psig 0-100 psig 0-3000 psig
3201-CGA 0-100 psig 30"-0-200 psig 0-3000 psig
3203-CGA 0-150 psig 30"-0-300 psig 0-3000 psig
3204-CGA 0-250 psig 0-400 psig 0-3000 psig
Brass Models

3240-CGA 0-50 psig 0-100 psig 0-3000 psig
3241-CGA 0-100 psig 30"-0-200 psig 0-3000 psig
3243-CGA 0-150 psig 0-400 psig 0-3000 psig
3244-CGA 0-250 psig 0-400 psig 0-3000 psig
Available CGA’s:

Brass: 320, 346, 580, 590
Stainless Steel: 320, 326, 330, 346, 580, 590, 660, 705

Options
Model Number Description
63-2233 Inlet Pressure Gauge, 0-3000 psig -

For use with Model 3200-3204
Stainless Steel In-Line Regulators

316 Stainless Steel Gauge

63-3133
Chrome Plated Brass Gauge

Inlet Pressure Gauge, 0-3000 psig -
For use with Model 3240-3244
Brass In-Line Regulators

KIT-0204-SA Panel Mounting Kit
MSP-0012-XX Inboard Helium Leak Rate Certification
MSP-0013-XX Combination Inboard/Outboard Helium

Leak Rate Certification

www.mathesontrigas.com
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Vapor compressor manufacturer supplied data.

MB-602 SPECIFICATIONS

Insulation Class B

Optional Features: Explosion Proof Motor, Polyphase Motor, Totally Enclosed Fan Cooled (TEFC) Motor, VCR Fittings, Viton Valve Gaskets

Design
Pressure (kPa) Pre§sure
200 240 Rating

Vacuum (kPa)

General

Housing Body Cast Aluminum

Bellows AM-350 Stainless Steel

All other wetted surfaces 300 Series Stainless Steel except for Valve Assembly
Teflon Valve Gaskets and Viton 0-Rings

Bearings Permanently Lubricated Ball Type

Weight lbs

Port Connections 3/8 N.P.T.

Electrical

Standard 115/230V 50/60 Hz.

Current at 115V/60 Hz 6.6 Amps (max)

Motor Specification 1/2 H.P. Single Phase

ODP - Open Drip Proof Motor
Operating Speed @ 60 Hz. 3450 R.P.M.

0 40 80 120 160 0 20 40 60 80
s S ; i ’ ’ 160 - : : 160 __
5 5 = s
'g.‘ Sor A Fatf 1203 S Par 1209
erie z 33 Serip ey z
33 —— = F80 & z es 0 8
[ [ S
E f a0 F s f = — Lo 5
0 0 0 0
0 5 0 15 20 25 30 3B 40 S~ 0 5 10 15 20 25
sER |0.5 SCFM at 40 psig when connected in parallel |
Flows depicted are at 60Hz. Flows at 50 Hz are 5/6 of 60 Hz flows.
[ ]
—
= [ [] =
4MTGILOTS
34[864] X1.16[2946]
~AlA A q @f N
gl — —
[2:]17_3 ; 4 ’? 3 }\ o ‘ ‘ [146;55]
S g J | | B
: 1810
U uUjuu ] D
o ﬂ}/ |
w© IN ouT
Lo ] 563 ers |
729 [a28s ] [e985 ]
7 [18504 ]
BT
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This is the pump curve for the liquid argon pump operating at its maximum operating speed.

BNCP-32B8  LIQUID ARGON
PUMP HEAD-FLOW CURVE

RN

BARS

s I S 4 G o M 1o |
] | | | |
] | I | |
1 Y [ O R B I
a 1 | ] |
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PUMP FLOW RATE; LITERS/HOUR
FIGURE 3
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2
J® CIRCLE SEAL CONTROLS, INC.

5100 Series

Inline Relief Valves

10 to 2400 psig (0.7 - 165 bar)

PSV-361-Ar manufacturer supplied data. PSV-361-Ar prevents the vapor compressor from

creating more than 40 psig of pressure.

How it Works

—

| —

Closed

The spring load is carried by a metal-to-
metal stop. The O-ring provides a leak-tight
seal. Sealing efficiency increases as the
pressure increases up to the cracking pres-
sure.

Features

Zero leakage up to 95% of cracking pressure

Positive reseat at high percentage of cracking pressure

Accurate set pressure

Wide range of cracking pressure

Tamper-proof adjustment

PED certifications and CE marking available for most models

Technical Data

Body Construction Materials
0-ring Materials

Brass, steel, 303 or 316 stainless steel
Buna N, ethylene propylene, neoprene,

Teflon®, and Viton®

Spring Material
Operating Pressure
Proof Pressure
Burst Pressure
Temperature Range

17-7 PH stainless steel

0 to 2400 psig (166 bar)

3600 psig (248 bar)

Over 5000 psig (345 bar)

—320° F to +400° F (-196° C to +204° F)

Based on O-ring material, see “How to Order”

Connection Sizes

% to 14"

Note: Proper filtration is recommended to prevent damage to sealing surfaces.

Cracking

The ports in poppet open fully and elimi-
nate rapid increase in the pressure. The flow
is throttled between the poppet shoulder
and the seat, which provides regularly
increasing flow area with increasing flow
rates.

Open

The inline construction and full flow ports
permit maximum flow with minimum
increase in the system pressure.

Circle Seal Controls

2301 Wardlow Circle, Corona, CA 92880
Phone (951) 270-6200 Fax (951) 270-6201

www.circle-seal.com
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5100 Series

Cracking Pressure Spring Ranges

Consult your local distributor or the factory for replacement spring part numbers. (Please have your complete valve part number
ready when calling.)

Cracking Pressure Ranges (psig)

10-15 82-117 346-450  1201-1400
16-24 118-162 451-575  1401-1900
25-41 163-230 576-710  1901-2400
42-57 231-285 711-999
58-81 286-345  1000-1200

Adjustment

The 5100 Series relief valve is adjustable to +15% of its nominal cracking pressure as follows:

1. Remove discharge line (in-line mounted unit) or override ring & rod (ASME type)

2."Break” body joint by wrenching hexes. DO NOT USE PIPE WRENCH.

3. Insert proper size hex wrench (see table below) into the outlet end and turn clockwise to increase the cracking pressure, or
counterclockwise to decrease.

4. After adjustment, hold the hex wrench stationary relative to the inlet end and turn the body to tighten the joint.

5. Test adjusted unit for cracking pressure.

Hex Wrench Size

Nominal Cracking Pressure (psig)
Size 450 & Under 451 & Over
% T Ty

1,7 ” W
A" -%5” A,. Wiy "o si 0.0 0 0. 0 0 o o ¢ A
L

? : ?j:: : W
2 ::" :Z SRR e o ma o ototenoNonenorm!!!!"

Hex adjustment screw

Air Flow Rates (5100—-MP)

Inline valves, ¥"-1"
Percent Over Pressure Beyond Cracking

Crack (SCFM air at room temperature)
Pressure
PSIG MP 2MP/3MP 4MP 6MP/8MP MP 2MP/3MP 4MP 6MP/8MP
15 1.0 1.5 5.0 9.0 3.0 5.0 50 52
20 1.5 2.0 10 12 4.0 5.0 60 63
25 2.0 2.7 25 27 5.4 6.5 65 67
30 24 4.6 30 36 6.2 13 68 71
40 3.0 34 55 6.5 25 72 100
50 3.0 10.5 40 65 8.0 29 74 110
75 4.2 14 50 70 13 38 80 114
100 6.0 25 54 90 17 55 90 130
125 8.5 32 70 120 22 58 110 136
150 10 36 72 150 27 78 115 200
200 13 40 135 190 40 96 250 375
250 16 50 150 210 43 115 280 450
300 20 60 180 225 52 127 400 600
400 25 80 270 270 68 150 600 900
500 36 46 110 190 108 120 320 700
750 45 58 130 210 90 130 420 1200
1000 47 64 170 210 160 160 620 1280
1200 67 74 240 250 200 200 1000 1500
1400 84 84 450 395 — — — —
1600 110 110 720 405 — — — —
1800 160 160 810 510 — — — —
2000 190 190 850 515 — — — —
2200 220 220 900 520 — — — —
2400 240 240 990 675 — — — —

12 |Circle Seal Controls Relief Valves
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5100 Series

Dimensions (inches)

MP 5100 Series, Inline
' \ | B Dia.
Prod. No. A E M HHex
-1MP %" 2.89 3.49* 0.81*
. -2MP 174 3.34 4.24 1.00
83— [~—BDia. -3MP % 3.36 4.26 1.00
a 5 -4MP % 4.15 5.05 1.25
é g G -6MP 74 5.61 711 1.50
2z -8MP 1 5.79 7.29* 1.50
g ‘é -10MP 1™ 746 10.22 2.00
ﬁ 'E *  J"size: for cracking pressure 1201-2400 psig, ‘M’ is 3.95, ‘B’and ‘H’ are 1.00
e 17size: for cracking pressure 1201-2400 psig, ‘M’ is 7.32
= T P 1% size: not available above 1200 psig
t \ ———ASize
M 5100 Series, Popoff
\ \ B Dia.
Prod. No. A E M G HHex
-M % 2.56 3.16% 2.39* 0.81*
. -2M 174 2.87 3.77 2.65 1.00
é ET -3M %" 2.89 3.79 2.74 1.00
~ E L HHex -4M I8 3.59 4.49 3.27 1.25
é g ) -6M /4 5.00 6.50 416 1.50
2z -8M 1" 518 6.68 434 1.50
2 % o  ~ BDia. -10M 1™ 6.70 8.65 4.96 2.00
I *  J"size: for cracking pressure 1201-2400 psig, ‘M’ is 3.58, ‘G’ is 2.48, ‘B"and ‘H’ are 1.00
] § © O 0) 1% size: not available above 1200 psig
=0 T
J_L S~——ASize
M Lift Handle M5100 Series, Popoff with Manual Override
B Dia.
M Ring Handle Prod. No.* A" E M H Hex
-M % 2.84 3.45%* 0.81**
N -2M 174 3.16 4.06 1.00
S -3M 3" 3.19 4.09 1.00
pige ? 4 -4M I8 3.86 5.51 1.25
S 9 L -6M % 5.41 7.54 1.50
EsS TH -8M 1 5.59 7.72 1.50
; z E?j -10M 1> 6.95 10.42 2.00
s § Z £ *  Ring handle is supplied for 1M, 2M, and 3M. For larger sizes, ring handle
ﬁ S < B Dia. S ; o Q B Dia. only supplied for cracking pressure up to 450 psi.
E, 2 @ e **  J§"size: for cracking pressure 1201-2400 psig, ‘M’ is 3.84, ‘B’and ‘"H’ are 1.00
= 0 O 0 @ E 0 O 0 1% size: not available above 1200 psig
H Hex. s E H Hex
ws
——A Size ———A Size
1

~= 1.90 approx. >

Circle Seal Controls Relief Valves| 13
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5100 Series

Hydraulic Flow Curves

GPM (MIL-H-5606)

GPM (MIL-H-5606) 2500 =
,5)‘(‘ L -
2500 20—
o L 2300
P
2300p— 2100
2100 1900 o _
P. "
1900 e 5 1700
/
1700 1500
0 ESIE
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5100 Series

Cracking & Reseal Pressure
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Cracking Pressure-PSI

Definitions

1. Cracking pressure is defined as 5cc/min with gas (0.2 scfm for 5120 Series)

2. Reseat point is the point at which the valve closes, cutting off virtually all flow.

3.The reseal point is the point at which the valve seals absolutely tight so that there is no leakage detectable by normal means of
measurement.

Circle Seal Controls Relief Valves| 15
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5100 Series

How to Order
VARIATION** T CRACKING PRESSURE*
K Cryogenic service, special cleaning and Specify cracking pressure setting in psig
testing (stainless steel valves only) (20 - 2400 psig)
M Manual SPECIAL CHARACTERISTICS
O-RING MATERIAL, TEMPERATURE ——

L Lockwire

R Resonance dampener (standard for
1201-2400 cracking pressures with
elastomeric seals)

& CRACKING PRESSURE RANGE
20 Teflon®
5120 Series*: -100° to +400° F (-73° to +204°C)
K520 Series: -320° to +165° F (-196° to +74°C)

32 Viton® -20° to +400° F (-29° to +204°C) CONNECTIONS—INLET/OUTLET
33 Neoprene, -40° to +300° F (-40° to +149°C) M Male pipe
59 Buna N, -65°to +275° F (-54° to +135°C) MP Inline male pipe by female pipe
62 Ethylene propylene, -65° to +300° F VALVE SIZE
(-54°to +149°C) Pipe sizes in %" increments
80 Teflon®%*, -320° to +165° F (-196° to +74°C) 1 %
BODY MATERIAL 2 W
B Brass't 3 %
S Steel 4 v
T 303 stainless steelt 6 %
T1 316 stainless steel 8 1
10 1%

*  Unitis not rated for liquid cryogenic service below —100°F (-73° C).

** Blank if not required

T Notavailable for PED applications

Tt For PED applications, brass bodies are limited to a maximum temperature use of +100°F (+38°C)

O-rings of Teflon®: Minimum cracking pressure is 20 psi; not available for use above 1200 psi in %" and larger sizes.

To specify PED certification, add PED prefix to the part number.

Repair Kit
In normal service, the only part(s) which may require replacement is(are) the seal(s). A repair kit may be ordered by placing a 'K/’
in front of the complete part number (i.e. K/5159B-2MP-20).

Please consult your Circle Seal Controls Distributor or our factory for information on special connections, materials, sizes, o-rings,
operating pressures and temperature ranges.

Cracking Pressure Tolerance: +5%
Cracking pressures below 20 psig have a tolerance of £20%.

Flow at cracking pressure: Elastomeric seals = 5cc/min
Teflon® seals = 0.02 scfm

*** The reseal point is the point at which the valve seals absolutely tight so that there
Reseal pressure*** is no leakage detectable by normal means of measurement. The point at which the
valve closes, cutting off virtually all flow, is called the reseat point. The reseat point is

Crack Pressure Reseal Pressures substantially above the reseal.

Elastomeric seals C.P.> 100 psi  90% of C.P.

C.P. <100 psi 70% to 89% of C.P.
Teflon® seals CP.>450psi  90% of C.P.

C.P. <450 psi  52% to 90% of C.P.

Leakage at reseal pressure

Elastomeric seals Ascending pressure = zero up to 95% of cracking pressure
Descending pressure = zero at reseal and below

Teflon® seals Ascending pressure = zero up to reseal pressure, then 10cc/min between reseal and cracking pressure
Descending pressure = zero at reseal, except with cracking pressure below 451 psi, then 1cc/min maximum

First crack pressure after standing unactuated for a prolonged period

Set pressure of... 5-19 psi 125% of cracking pressure
20-29 psi 120% of cracking pressure
30-49 psi 115% of cracking pressure

50 psi and higher 110% of cracking pressure
16 |Circle Seal Controls Relief Valves
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L Eden Cryogenics LL.C
d e n 8449 Rausch Drive
o Plain City, Ohio 43064

Certification of Material, Testing, and Cleaning:
Documentation and Conformance

Customer Furchase Qrder No. Eden Cryogenics W.0.
FERMI RESEARCH ALLIANCE, LLC 588593 No. BC-02128

Equipment Description:
Liquid Argon TPC Purity Demo Purifier Vessel
Part No. BC-02128-5800-01

This document certifies that Eden Cryogenics, LLC has performed and or verified the noted tests and
materials. Testing and materials meet or exceed the requirements of the noted purchase order.

CERTIFICATION OF MATERIALS

¥ Allmaterials for valves / piping / equipment are new and unused.

Verifiable chemical and physical mill certification is ™ Enclosed 1~ On file at Eden Cryogenics
Materials:
I Soft goods hawe batch lot numbers and cure dates ™ Enclosed I On file at Eden Cryogenics
CERTIFICATION OF TESTS
¥ Pressure tested ' Pneumatic ™ Hydrostatic @ 188 PSIG (Inner Vessel)
™ Valves pressure tested across the seat @ PSIG

M § % of all butt weld joints radiographed for Work Order

™ Reader sheets enclosed I, Radiographs enclosed ¥ Documentation on file at Eden Cryogenics

¥ Mass spectrometer leak tested at 1x10-9 scc/sec helium with no leaks, (Outer Vessel)

™ Cther tests: [T LN2 cold shock test I~ Other
I~ Other
CLEANING
i~ Commercially cleaned ¥ Commercially oxygen cleaned ™ Particulate cleaned

Cteaning specification:

Eden Cryogenics, LLC certifies the noted documentation and performance testing.

Project Manager 4—- ” %ﬂ/@\ Date (i / 30 / /0

Quality Control ,@,M ,,.;’ _6; adoocsn LTI Date ¢ /feo/s

Eden Form 1003-11/07

_ v10.18.12 51/424
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NOTES: (UNLESS (THERWISE SPECIFIED) TOLERANCES: LXECRIATICH SHCN 05 T45
1. GIMENSIONS ARE [N INCHES, CONFORMTNG TO ASME Y54.5-1994, XX 0% %&M&im‘[f’m‘:ﬂu
. 5 i | CRYOGEHICS, ULLL AHD 35 NOT TO), [aoad
2 0 e, A A S DR A0 RS TOR OIS . OO 1005 | b oisie
3. SURFACE TERTURE/FINISH 84 RMS ANGULAR  + 1/ | AT RURESSL AT ke
8445 RAUSCH DRIVE W% MAB 10/15/2009
.?‘ PLAIK CITY, OH 53064 [CHR: MM 1272812005
6148733943 [ENGR: HM £2/28/2009
,E&‘Lﬂ en . el A | SR WAE [10-0214 | SEE SHEGT 3 FOR REV A_
HENIGS eoR: 09-0377  pOE REV] DA% | canaeD v | TEOR_| REVISION DESCRIPIGN.
SIEE | CRAMPGIPATE HFRER SHET R ' 12/ 2872009 (g BC-02128
DATE! -
B | BC-02128-5800-01 [ 13 | A ASSEMBLY, LIQUID ARGON TRC PURTTY DEMO PURIFIER VESSEL
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NOTES: (UNEESS OTHERWISE SPECIFIED)
L. DIMENSTONS ARE IN IMCHES, CONFORMING TO ASME Y14.5-1954,
ALL DIMENSIONS APRLY AFTER FINISH.
2. DE-BURA AND BREAK ALL SHARP EIMGES AND CORNERS TO R.035 Max,  X.RXX & 005
3. SURFACE TEXTURE/FTRSH 64 RMS

TOLERANCES:
X 2030
X0 3.0

3
den

ORAWING/PART NUMBER

BC-02128-5800-01

AMGULAR £ 1j2
8445 RAUSCH DRIVE
PLAIN CITY, OH 43064
614.873.3049
" E’zﬂ'} DATE i HANGED BY } [ i FEVIGION DESCRITION
ST T e BC-02128
2er3 | - ASSEMBLY, LIQUID ARGON TPC PURITY DEMO PURIFIZR VESSEL
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¥

PARTS LIST
TTEMITTEM QTY PART NUMBER DESCRIPTION STOCK NUMBER MATERTAL { )
1 1 |BC-02128-5810 WELDMENT, VACUUM VESSEL Welded Stainless Steal 304/304L
2 1 BC-02128-5815 FINAL ASSEMBLY, LAR PRESSURE VESSEL W/ PORTS Welded Stainless Steel 304/304L m n
3 1 BC-02128-5850 ASSEMBLY, HEAT SHIELDS, BOTTOM m ’
4 1 BC-02128-5900 ASSEMBLY, HEAT SHIELDS, SIDE m it O
5 | 720 |FA-020-812-006 HEX NUT, INCH, 1 1/4-7 UNC Stainless Steel 304/304L ASTM A104 GR 8 i B o=
6 20 FA-020-812-030 SPRING LOCK WASHER, 1 1/4 Staintess Steel 18-8 m m &
7 1 HW-001-001-474 VITON O-RING 2-474 Viton m m m a
sl 8 20 FA-020-112-326 HEX BOLT, INCH, 1 1/4-7 UNC X 6 LG Stainless Steel 304/304L ASTM A103 GR B8 w_._ o 2 m
9 [ 710003 CENTERING RING, MDC VACUUM PRODUCTS Rk = m
10|~ 6 |712003 FLANGE, BLANK, NW50, MDC VACUUM PRODUCTS Stainless Steel 30473041 e =| —
11| & |701003 CLAMP, HINGED, MDC VACUUM PRODUCTS i |G F O
12 1 |HW-001-001-241 VITON O-RING 2241 Viton T
13 1 |BC-02128-0103 PARALLEL PLATE RELIEF, TOP PLATE Stainless Steel 304/304L ASTM A240 B 2| =
4 | 4 |BC0212890104 LIFT PLATE, SPRING 3663K56 Stainless Steel 302 il g =
i5 | & |BC-021280105 SHOULDER SCREW, 5/16 @ X 3 1/2, 1/420 UNC____ |90298A587 _ IStainiess Steel 18.8 2 g e
16 | 3 |BC-02128-5920 SHIPPING PLUG S
17 [ 1 |BC-02128-1704 LABEL, CODED VESSEL, DUPLICATE LB-003-000-001 |Stainless Steel 304/304L 22 mﬂ 2
o i
i
B & mm -
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VESSEL TAGS M 1
SERIAL NO.|PRESSURE VESSEL LABEL [DUPLICATE LABEL [VACLJUM VESSEL LABEL —aggl
0212801 | BCO2128-1701 | BC02128-1704 | BC-0I136-1707 £232% 4 m
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NOTES: (UNLESS OTHERWISE SPECIFIED} TOLERANGES: RFCRAATICN SHOWM O THIS
5. DIMENSIONS ARE IN THCHES, COMFORMING TO ASME Y14,5-1994, XX .03 ﬁ”ﬁm@!ﬁ” —
F ] it ovensions apty ween Fish, XX +,010 NS Lcsm R
2, DE-BURR AND BAEAK ALL SHARP EDXGES AHD CORNGRS TO R.DIS M. XJGXX +.005 TRAMS T OTHERS FOR

3. SURFACE TEXTURE/FTMISH 64 AMS ANGULAR £ 1/2] ”‘:‘m&g&mﬁm

8445 RAUSCH DRIVE [D: b9 10/15/2009
PLAIN CITY, D 43064 [(HR: XM 12/28/2008

oee
£14.873.3840  JENGR: MM 12/26/2009
en PR [ A ]smepomn MAG T10-0214 15EE SHEET 3 FOR REV A,
Sob T e g - AT L I M- EE ]

SIZE | ERAWING/ AR | NUMBER SHEET REV ;::;:12/2512009 ik 8C-02128
B | BC-02128-5800-02 {1 ~3 | A | ASSEMBLY, LIQUID ARGON TPC PURTTY DEMO PURIFIER VESSEL
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NOTES: (UNLESS OTHERWISE SPECIFIED) TOLERANCES; | TFORANTONSHoNY o THl
-] ARE IN [MCHES, TO ASME Y14.5-1995. XX .05 wmwsm%ﬂoﬂugo
ALL GEMENSIONS APPLY AFTER FINTSH. X300 010 B A =
2. DE-BURR. AND BREAX ALL SHARP EDGES AND CORNERS TO R 15 MAY, XXX £,005 i
3. SURFACE TEXTLRE/FIAISH 4 RMS ANGULAR £ 12| M PR KT
.?. 5445 RAUISCH DRIVE (0W: VAR 16715/2009
PLATH CITY, OH 43064 FONKR: M 12/26/2003
e n BIABTAIMA  [ONOR 3 1Z26/2000
o 7
N TONF | RFV ] DaTE | rranen RY I'E\n T N PEVISION DESCRIPTION
SIZE | ORAWING/PART NUMBER, T e b 13 R
B | BC-02128-5800 T3 o4TE:12/28/2009 BC-02128 )
- -5800-02 | 203 | ~ e ASSEMBLY, LIQUID ARGON TPC PURITY DEMO PURIFIER VESSEL
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4 3 A_w 2
PARTS LIST
ITEM[ITEM QTY PART NUMBER DESCRIPTION STOCK NUMBER MATERIAL
1 1 |BC-02128-5810 WELDMENT, VACUUM VESSEL Welded Stainless Steel 304/304L :
2 1 |BCO2128-5815 FINAL ASSEMBLY, LAR PRESSURE VESSEL W/ PORTS Welded Stainless Steel 304/304L o=
3 1 |BC02128-5890 ASSEMBLY, HEAT SHIELDS, BOTTOM | &
4 1 1BC02128-5900 ASSEMBLY, HEAT SHIELDS, SIDE i =
5 20 |FA-020-812-006 HEX NUT, INCH, 1 1/4-7 UNC Stainless Steel 304/304L ASTM A194 GR 8 g g 5
6 20 |FA-D20-812-030 SPRING LOCK WASHER, 11/4 Stainless Steel 18-8 8 F 2
7 1 |HwW-001-001-474 VITON O-RING 2-474 Viton 5 5 8
8 20 |FA-020-112-326 HEX BOLT, INCH, 1 1/4-7 UNC X 6 LG Stainless Steel 304/304L ASTM A193 GR B8 g s
9 6 |710003 CENTERING RING, MDC VACUUM PRODUCTS 5
10 6 1712003 FLANGE, BLANK, NW5C, MDC VACULM PRODUCTS Stainless Steel 304/304L I
11 6 |701003 CLAMP, HINGED, MDC VACUUM PRODUCTS 5 SE
12 1 |HW-001-001-241 VITON O-RING 2-241 Viton g S
13 1 |BC02128-0103 PARALLEL PLATE RELIEF, TOP PLATE Stainless Steel 304/304L ASTM A240 A 2
14 4 |BC02128-0104 LIFT PLATE, SPRING 9663K56 Stainless Steel 302 3z 8
15 4 |BC-02128-0105 SHOULDER SCREW, 5/16 @ X 3 1/2, 1/4-20 UNC 902984597 |Stainless Steel 18-8 il =
16 3 [BC-02128-5920 SHIPPING PLUG S
17 1 |BC-02128-1705 LABEL, CODED VESSEL, DUPLICATE LB-003-000-001 [Stainless Steel 304/304L HE
-] wl
2

VESSEL TAGS

SERIAL NO.|PRESSURE VESSEL LABEL

DUPLICATE LABEL] VACUUM VESSEL LABEL

02128-02 | BC-02128-1702

BC-02128-1705 | BC-02128-1708

4

_ 3
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X +.010

2. DE-BURR AN BREAK ALL SHARP EDGES AND CORNERS TO R.A1S Mk, X200 4005

£14.873.3%49 EHGR: MM | 2/28/2008

TOLERABKCES:
AMGULAR = &7
SHEET

XX

PLAIN CITY, OH 43064 JORR: MM 12/28/2069
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den
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S.le. WMNIPRT NUMBER

B | BC-02128-5800-02 33 | A

MOTES: {LNLESS OTHERWISE SPECIFIED)
3. SURFACE TENTURE/FINISH 64 RMS
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ROTES: (UNLESS OTHERWISE SPECIFIED) TOLERANCES: DRFORAAITOH SHOWN O THS
L. DIMENSIOHS ARE IH INCHES, CONFORMTMG TO) ASME V14,5 1954, XX £01 mmmﬁm;‘mw oy
ALL DIMENSIONS APPLY AFTER FINISH, XXX 010 CRROGENILE, 1LC AKDIS HOT TO Ll
2. DE-BURR AND BREAX ALL SHARP EOGES AND CORNERS TD A0S M. X0 £ 005 e "“’%‘n"f“né?s%%'
3. SURFACE TEXTURE/FIHISH 64 BMS ANGULAR 17| N';}‘&'fggﬁ@_(ﬂ:w
.‘?.‘ 3445 RAUSCH CRIVE [DW: M8 10/15/3009
PLAIN CITY, CH 43064 [tHiR: MM 12/28/2009
en 614.871.3349 EWGR M 12/28/5K9
AER: [ & [ erzrmom | MAG. T100Z14 | SEE SHEET 3 FOR FEV A,
s, dencryogenics,
o [P T WQ [OR:  09-0377 —L-wm SRU]_DAE | GYNGENEY | EDR ] PO eGP TGN
oATE:12/28/2009 BC-02128
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HOTES: {UNLESS OTHERWISE SPECIFIED) TOLERANCES: EHFGAMATION SHOWN OH THE
1. DIMENSTONS ARE [H IYCHES, CONFORMING TO ASME Y14.5-1991. KA 203 %‘m“ﬁ#
ALL DIMENSIONS APPLY AFTERL FINIRH, XXX +£.810 LMD =
2. DE-BUAR AND BREAK ALL SHARP EDGES AND CORMERS TG R.015 twx, XXX 1 005 TRANSHITIED T0 OTHERS FIR
3. SURFACE TEXTUREZFINISH 64 RHS ] M T
(T 8445 RAUSCH DRIVE [0e: HAB 10715/2009
PLAIN CITY, CH 43064 {CIG: JHM 12/78/2009
en 614.673.3545 ENGR: JHM £2/28/2000
gecen o e e e
i ZONE [ REV| DATE_ | CHANGEOBY | EDR REVISION CESCRIPTION
SIZE | DRAWANG/PART NMBER R R [T 09-0377 ko
B | BC-02128-5 oatEi12/28/2009 BC-02128
- -5800-03 |23 | ~ ASSEMBLY, LEQUID ARGON TPC PURITY DEMQ PURIFIER VESSEL
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Stainless Steel 304/304L

4 _ 3 Av 2
PARTS LIST
ITEM[TTEM GTY PART NUMBER DESCRIPTION STOCK NUMBER MATERIAL
1 1 {BC-02128-5810 WELDMENT, VACUUM VESSEL Welded Stainless Steel 304/304L
2 1 {BC-0212B-5815 FINAL ASSEMBLY, LAR PRESSURE VESSEL W/ PORTS Welded Stainless Steel 304/304L =
3 1 iBC-02128-5890 ASSEMBLY, HEAT SHIELDS, BOTTOM 8
q 1 |BC-02128-5900 ASSEMBLY, HEAT SHIELDS, SIDE z m
5 20 (FA-020-812-006 HEX NUT, INCH, 1 1/4-7 UNC Stainless Steel 304/304L ASTM A194 GR 8 e 5
6 20 |FA-020-812-030 SPRING LOCK WASHER, 1 1/4 Stainless Steel 18-8 2 m 2
7 1 [HW-001-001-474 VITON O-RING 2-474 Viton g5 2
3 20 [FA-020-112-326 HEX BOLT, INCH, 1 1/4-7 UNC X 6 LG Stainless Steel 304/304L ASTM A193 GR B8 g &
9 6  |710003 CENTERING RING, MDC VACUUM PRODUCTS mw - m
10 6 |712003 FLANGE, BLANK, NW50, MDC VACUUM PRODUCTS Stainless Steel 304/304L wm m =
1 6 |701003 CLAMP, HINGED, MDC VACUUM PRODUCTS B | £
12 1 |HW-001-001-241 VITON O-RING 2241 Vitan 2 3
13 1 |BC-02128-0103 PARALLEL PLATE RELIEF, TOP PLATE Stalnless Steel 304/304L ASTM A240 B =
14 4 |BC-02128-0104 LIFT PLATE, SPRING 9663K56 Stainless Steel 302 5 m g
15 4 |BC-02128-0105 SHOULDER SCREW, 5/16 @ X 3 1/2, 1/4-20 UNC 90298A597 Stainless Steel 18-8 =20 =
16 3 |BC-02128-5920 SHIPPING PLUG =
17 1 |BC-02128-1706 LABEL, CODED VESSEL, DUFLICATE LB-003-000-001 22 g
3

®

®

VESSEL TAGS

SERTAL NO.]PRESSURE VESSEL LABEL

DUPLICATE LABEL | VACUUM VESSEL LABEL

02128-03 | BC-02128-1703

BC-02128-1706 | BC-02128-1705

%4

_ 3
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TRE

T |

HFORMATION SHOWN OW THIE

ENGR: MM 12/2B/2009
R 09-0377
OATE: 22/ 267 2009

SCME:

=
A

XX £.030
XXX .01

2 DE-BURR ANIZ BREAK ALL SHARP EDGES AND CORNERS TOROIS MAx, X.0( £.005

3. BURFACE TEXTURE/FINISH 64 RMS

§14.873.3948

TOLERANCES:
SHEET

PLAIN CITY, OH 43064 [H6&: MM 12/28/2009

8445 RAUSCH DRIVE |4 PR 1071572003

e
en
B | BC-02128-5800-03 | 343

o

MOTES: (LMLESS OTHERWISE SPECIFIED)

1. DINENSTONS ARE I [HCHES, DONFOAMING TQ ASME T14.5-1994.
MLDIMENSIONS APPLY AFTER FINISH.

SIZE | DRAWING/PARY NUMBER
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NGTES: {UNLESS OTHERWISE SPECIFIED) TOLERANCES: INFORRATION SHOWN OH THIS
~it DIMEMSIONS ARE IN INCHES, CORFORMING TO ASME Y15 5-1994, XX 0% ?&mscpaﬁ.{l;mnmcﬂ:?
ALLDIMENSIONS APPLY AFTER FINISH. XXE £.010 T e o -
2. DE-BYAR AND BREAK ALL SHARP EDGES AND CORNERS TO RIS Max. XXX 005 TRASSHITTED TO GTHERS FOR
3. SURFACE TEKTHRETIHISH 64 RMS ANGULAR & 7| NIRRT T
A BA45 RALSCH DRIVE NP MAD E0/68/2008
FLAIN CITY) CH 43064 {42 4 12/28/2000 (R IEE FAE 100219 [SeE SEET 2 FOR AEVE,
E146733048  [ENR: MM A28/ 2008 T T Ty m o 0 w0 [ ADDEL A D A i,
_— L EEI A TV ) 100073 | 1. 60.58, 584, 5.57 8 B5%; WAS 69.25, 10,66, 6,99 B 8.00.
. it - 08.0577 | ZOTC AV | BAte | GuNaenay | Fow FEVISION DESLHIPTION
S8 | DRAWINGIPART NUMBER ShekT REV i TE
B | BC-02 581 1 oaTE\2/28/2009 BC-02128
-02128-5810-01 | 12 | B WELDMENT, VACUUM VESSEL

” ? Information Copy

v10.18.12.97./424. . ...




Ccopy

v10.18.12.98 /424

4 3 4 2 1
PARTS LIST
ITEM|TTEM QTY] PART NUMBER DESCRIPTION STOCK NUMBER MATERIAL
1 4 BC-02128-0044 |OUTER VESSEL, FEET Stainless Steel 304/304L ASME SA240 n
2 4 |BC02128-0049 |OUTER VESSEL, ANGLE SUPPORT, 3 X 3 X 3/8 THK Stainless Steel 304/304L ASME SA276
3 1 BC-02128-0045 |WELD CAP, 24 NPS X SCH 10 Stainless Steel 304/304L ASME SA182 0
4 1 |BC-02128-0039 |SUPPORT, HEAT SHIFLD, 12 NPS X SCH 10 PI-192-010-021 |Stainless Steel 304/304L ASME SA312 g ey
5 1 |BC-02128-0043 |VACUUM VESSEL, PIPE, 24 NPS X 5CH 10 PI-384-010-021 |Stainless Steel 304/304L ASME SA312 s m A
6 1 |FL-384-150-001 |FLANGE, SLIP-ON RAISED FACE, 150%, 24 NPS Stainless Steel 304/304L il
7 3 (713022 FLANGE, WELD, NW50, MBC VACUUM PRODUCTS Stainless Steel 304/304L el &8 m
8 3 BC-02128-0111 |PASS-THRU, TUBF, 2 OD X.065 WALL X 4 5/8 LG |TU-032-065-031 | Stainiess Steel 304/304L ASTM A269 gig W.. B
9 2 LB-003-001-020 |VESSEL BRACKET, CODED LABEL Stainless Steel 304/3041. ASME SA240 mﬂ x= j -
10 t __[BC02128-1707 [LABEL, CODED VESSEL, VACUUM VESSEL LB-003-000-001 |Stainless Steel 304/304L i I=g @'
Bl P
B | R 8 M
° | 5| &
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e
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eesteun, |312)e ]
il I f)
i RREHAS
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NOTE: g 23 i
£ o A
1. BREAK ALL SHARP EDGES AND CORNERS TG R.005. : 2 Q
2. DRAWING IS FOR VACUUM VESSEL -01. ] n =]
3. MATERIAL CERTS REQUIRED ON ALL ITEMS. (DELEVER TO PROJECT ENGINEER), i o
4. PRE-CLEAN ALL SURFACES PRIOR TC FABRICATION PER SPEC. BC-101-052-010 SECTIONS 11.0. g m E e %
4.1. FINAL CLEANING SHALL BE PERFORMED USING ETHYL ALCOHOL & A LINT FREE CLOTH, BE:d | 3
5. 622" WELD PER EDEN SPEC BC103-001-022, LATEST REV. 5iicy _uu”d £ 8
§. PASSIVATE ALL WELDS, Egtis Z i
7. MASS SPEC. PER EDEN CRYOGENICS SPEC. BC-101-070-001, Eiely o
8, INSPECT INNER SURFACES WITH ULTRA VIOLET LIGHT PER EDEN SPEC. BC-101-052-010, Ezgsl s D
SECTION 13.2. 1828 :Q
9. CERTIFIED TEST REPORFS AND TEST REGORD/DATA SHEETS SHALL BE PROVIDED TO THE m £ £ 50
PROJECT ENGINEER FOR THE FOLLOWING TESTS: Gagdi
9.1. MASS SPEC. PER EDEN CRYOGENICS SPEC. BC-101-070-001, Fziss £m
4 3 IiN 2 1
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NOTES: (LNLESS OTHERWISE SPECTFIED) TOLERANCES: HRORHATION SHOW OF THIS
= L. DIMENSIONS ARE [N INCHES, CONFORMING TO ASME Y14.5-5954, L& S Wk o} m%ﬁm&f«”
ALL DIMENSIONS APPLY AFTER FIVISH. X £d10  |SEOHE IS =
2. DE-BURR AND BREAK ALL SHARP ERGES AND CORNERS TO ROLS MAX,  XJO0C £.005 TRARSHITTED T0 OTHERS ECR
1. SURFAGE TEXTURE/FINISH 64 RMS ANGULAR /2] MR T AT
P 8445 RALSCH DAIVE [0, HIB 507382003
PLATH CITY, OH 43064 [HR M 1272672009 3 | S/5iR10 T 05714 _5FE ST LFORREVE
BLAG73.3040  [EMR MM 12728/2006 gy 1T RS | 100073 12, ADOED 2975 B 27,75 D,
AR A3 | & | 313ma10 ) {00 71 Badia 588 557 A B.44; WAS 54 35, 1085, 595 8 4,00,
TG NUMMRE ENITE TR L os.0377 T TRV | DT 1 ooy | e FEVTSION DERIPTION
patz:12/28/2008| T BC-02128
B | BC-02128-5810-02 |12 | B WELOMENT, VACUUM VLSSEL

>
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4 _ 3 ¥ 2 1 U
R QO
TTEM|ITEM QTY| PART NUMEER DESCRIPTION STOCK NUMBER MATERIAL
1 4 |BC-02128-0044 JOUTER VESSEL, FEET Stainiess Steel 304/3041, ASME SAZ40 .
2 4 |BC02128-0043 IOUTER VESSEL, ANGLE SUPPORT, 3 X 3 X 3/8 THK Stainless Steel 304/304L ASME SA276 'S
3 1 |BC-02128-0045 'WELD CAP, 24 NPS X 5CH 10 Stainless Steel 304/304L ASME SA182 et
g 1 |BC:02128-0039 |SUPPORT, HEAT SHIELD, 13 NPS X SCH 10 PI-192-010-021 |Stainless Steel 304/304L ASME SA312 5 e’
5 1 |BC-02128-0043 IVACUUM VESSEL, PIPE, 24 NPS X SCH 10 PI-384-010-021 |Stainless Steel 304/304L ASME SA3L2 gl 3 'gn!
3 1 |FL384-150-001 |FLANGE, SLIP-ON RAISED FACE, 1507, 24 NPS Stainless Steel 204/304L il
7 3 [713002 FLANGE, WELD, NW50, MDC VACUUM PRODUCTS Stainless Steel 304/304L 5B B m
8 3 |BC-02128-0111 [PASS-THRU, TUBE, 2 OD X .065 WALL X 4 5/8 LG _{TU-032-065-031 |Stainless Steel 304/304L ASTM A260 | S 5=
3 2 |UB-003-001-020 VESSEL BRACKET, CODED LABEL Stainiess Steel 304/304L AGME SAZ40 | o5
10 1 |BC-02128-1708 |LABEL, CODED VESSEL, VACUUM VESSEL LB-003-000-001 | Stainless Steel 304/304L JIEE O
HE R TE L S
i =k
() il E =
228
=}
=[5 -
1<)
S
m%wwmmm n 2
silEEE |25
mmmmmmrn g%5| |2 818
T
SR eleelel 2 2|
ioess |BBg iz e
§BE= |oza
W HH W m mr.m. ~
PEEERECERE |
NOTE: Fi 3 o
B Z o A
1. BREAK ALL SHARP EDGES AND CORNERS TO R.005. 3 m <
2. BRAWING 1S FOR VACUUM VESSEL (2, @ iog q4 &
3. MATERIAL CERTS REQUIRED ON ALL TTEMS. (DELIVER TO PROJECT ENGINEER), 8 3 nm i
4. PRE-CLEAN ALL SURFACES PRIOR TO FABRICATION PER SPEC. BC-101-052-01C SECTIONS 11.0. 8% 3 ia
4.1. FINAL CLEANING SHALL BE PERFORMED USING ETHYL ALCOHOL & A EINT FREE CLOTH. m =z EM _.mu
5. "¢22" WELD PER EDEN SPEC BC101-001-022, LATEST REV. * m w m w u” m 0
6. PASSIVATE ALL WELDS, Bz g o
7. MASS SPEC, PER EDEN CRYOGENICS SPEC. BC-101-070-001. M m W o m N
8. INSPECT INNER SURFACES WITH ULTRA VIOLET LIGHT PER EDEN SPEC. BC-101-052-610, ESEL ie
SECTION 13.2, it i m e
9. CERTIFIEE TEST REPORTS AND TEST RECORD/DATA SHEETS SHALL BE PROVIDED TO THE 4 2 m m B w -]
PROJECT ENGINEER FOR THE FOLLOWING TESTS: o m LE M
9.1, MASS SPEC, PER EDEN CRYGGENICS SPEC. BC-101-070-001, gries fan
7 3 N__y 2 1

-
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MOTES: (UNLESS OTHERWISE SPECIFIED) TOLERANCES: DXFORMATION SHOWM ON TS
1. DIMENSTONS ARE [N [NCHES, CONFORMING TO ASME Y14.5-1534. XX 030 w\?&ﬁ mw‘;’m‘;‘u
ALL DEMENSIHS APM.Y AFTER FINISH, KX £.010 o =
2, DE-EIRR AHO BREAX ALL SHARP EDGES AND CORNERS TG R.015 MAX, 100X £ 005 DTG R
3 SURFACE TENTURE/FINSH 4 M ANGULAR £ 1z | MRS TR
o B445 RAUSCH DRIVE. |2 FAB 1073572000
! PEAINCITY,OMMW RO &S 100214 |SCE SEET 2 FOR REV D,
6148730090 IR MM 1Z728/2009 |31 —3 i W ST o A T0.0a B Tk Do,
A A3 | A 13/ We 180075 | L .25, 1 ExA .25, 1085 6.4 & 5,00,
GENILS e BT 00 o 000377 1 Z0% | Rev] DaTE CHANGED BY | EDR. REVIS IO DESCRIFTION
SIZE | DRAWING/PART KUMBER. ST [ RV | ar sty aous] T 1002176
B | BC-02128-5810-03 |t 2 | B WELDMENT, VACUUM VESSEL

i i Information Copy
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4 3 ¥ 2 1 '®)
PARTS LIST _C
ITEM[ITEM QTY] PART NUMBER DESCRIPTION STOCK NUMBER MATERIAL
1 4 |BC-02128-0044 |OUTER VESSEL, FEET Stainless Steel 304/304L ASME SA240 c
2 4 |BC-02128-0049 |OUTER VEGSEL, ANGLE SUPPORT, 3 X 3 X 3/8 THK Stainless Steel 304/304L ASME SA376
3 1 |BC-02128-0045 [WELD CAP, 24 NPS X 5CH 10 Stainless Steel 304/304L ASME SA182 O
7 1 |BC-02128-0039 |SUPPORT, HEAT SHIELD, 12 NPS X SCH 10 PI-192-010-021 {Staintess Steel 304/304L ASME SA312 g -
5 1 |BC-02128-0043_|VACUUM VESSEL, PIPE, 24 NPS X 5CH 10 P1-384-010-021 |Stainless Steel 304/304L ASME SA312 s m o
6 1 |FL-384-150-001 |FLANGE, SLIP-ON RAISED FACE, 150%, 34 NPS Staintess Steel 304/304L 1IN
7 3 713022 FLANGE, WELD, NW50, MDC VACUUM PRODUCTS Stainless Steel 304/304L saE B €
8 3 |BC-02128-0111 |PASS-THRU, TUBE, 2 OD X .065 WALL X 4 5/8 LG _|TU-032-065-031 | Staintess Steel 304/304L ASTM A269 g2 Sl
5 2 |LB-003-001-020 |VESSEL BRACKET, CODED LABEL Stainless Steel 304/304L ASME SA240 R -
10 1 |BC-02128-1709 |LABEL, CODED VESSEL, VACUUM VESSEL LB-003-000-001 | Stainiess Steel 304/304L mm S5E O
=(= .
° £l | S
i =
B 51 €<
| [ = | e
S
== ] <
|
z[2EE
Ewmmmmm mjm @
o ERHE
AN
HE e rEHHHEEHE
Y
inege |25 g 5 e
343 (B e
il
NOTE: TR
£ 3 M A
1. BREAK ALL SHARP EDGES AND CORNERS TO R.0DS. 2 8 ﬂ
2. DRAWING IS FOR VACUUM VESSEL -03. = B n [—]
3. MATERIAL CERTS REQUIRED ON ALL ITEMS, (DELIVER TO PROJECT ENGINEER). ~ m i =
4. PRE-CLEAN ALL SURFACES PRIOR TO FABRICATION PER SPEC. BC-101-052-010 SECTIONS 11.0. Be £ e L
4.1, FINAL CLEANING SHALL BE PERFORMED USING ETHYL ALCOHOL & A LINT FREE CLOTH. m FE m v
5. 022" WELD PER EDEN SPEC BCL01-001-022, LATEST REV. 5EEE, ﬂmn-a R
&. PASSIVATE ALL WELES. feEis 2w
7. MASS SPEC. PER EDEN CRYQGENICS SPEC. BC-101-070-001. R g o
8. INSPECT INNER SURFACES WITH ULTRA VIOLET LIGHT PER EDEN SPEC, BC-101-052-019, m H M m W n.U
SECTION 13.2. LR &
9. CERTIFIED TEST REPORTS AND TEST RECORD/DATA SHEETS SHALL BE PROVIDED TO THE Z m gz w =
PROZECT ENGINEER FOR THE FOLLOWING TESTS: = S £ m M - s
9.1, MASS SPEC. PER EDEN CRYGGENICS SPEC. BC-101-070-001. geitg 4o
4 3 P 2 1
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BOTES; (UNLESS QTHERWISE SPECIFTED)

ARE IN IMCHES, TO ASHE ¥[4.5-1994.
N.LDMEPED‘& APPLY AFTER FINISH,

2. DE-BURR ANO BREAK ALL SHARP EDGES ANO CORNERS TO 015 KX,  XJXOX £.005

3. SURFACE TEXTURESFINISH 64 RMS

TOLERANCES:

LK £.030
KK +.010

ANGULAR & 177

4445 RAUSCH DRIVE
PLAMY CITY, OH 43064
614.873.3649
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OnE | cHamcenBY | UEDR ]

REVISTON DESCRIPTION.

gden

DRAWING/PART NUMBER.

BC-02128-5815

lor2

TONE | Rg_v]
SHEET REY

BC-02128

FINAL ASSEMBLY, LAR PRESSURE VESSEL W/ PORTS
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o
ﬂu.r\..‘
4 3 ¥ 2 1 MML
PARTS LIST -
TTEM|ITEM (JTY| PART NUMBER DESCRIPTION STOCK NUMBER MATERIAL n“.ww S
1 1 BC-02128-5820 [WELDMENT, LAR PRESSURE VESSEL Welded Stainless Steel 304/3041. »
2 9 FA-008-812-006 [HEX NUT - INCH 1/2 - 13 UNC Stainless Steel 304/304L ASTM A194 GR 8 e d
3 3 BC-02128-0123 |ROD, ALL THREAD, 1/2-13 UNC X 18 LG 91187A548 Stainless Steel 304/304L ASTM A193 GR B8 M}Wﬂ
4 1 BC-02128-5510 |ASSEMBLY, HEAT SHIELDS, TOP m =
5 1 BC-02128-0040 |QUTER VESSEL, TOP FLANGE F1.-384-150-005 |viton m WHE
6 3 BC-02128-0111 |PASS-THRU, TUBE, 2 OD X .065 WALL X 4 5/8 LG | TU-032-065-031 |Stainless Steel 304/304L ASTM A269 W ﬁ&.ﬁ
7 3 713022 FLANGE, WELD, NW50, MDC VACUUM PRODUCTS Stainless Steel 304/304L cSc..“ h‘iJ.
8 1 BC-02128-5875 |WELDMENT, PARALLEL PLATE RELIEF, BOTTOM Welded Staintess Steel 304/304L =].4
PLATE - S
3 3 |BC-02128-0121 |EYEBOLT, 3/8-16 UNC, 1300% 33045781 Stainiess Steel 304 28| ¢
18 1 BC-02128-5840 [ASSEMBLY, CRYOGENIC CUTLET Welded Stainless Steel 304/304L m m o
11 1 BC-02128-5860 [ASSEMBLY, REGENERATION GAS INLET Welded Stainless Steel 304/304L 3
12 1 BC-02128-5830 |ASSEMBLY, CRYOGENIC INLET Welded Stainless Steel 304/304L wwf
i3 1 BC-02128-5850 |ASSEMBLY, REGENERATION GAS OUTLET Welded Stainless Steel 304/304L =
oy
2
z
i
<}
B
mmmwmumm S RERIE
EERUgLS =iz 35
ol 09
Brciclelafslel s €3
AT T
faze 1028
m we m g EE & g
syEfg|2cy 118 5
B R
NOTE: m tn [A
1. BREAK ALL SHARP EDGES AND CORNERS TO R.005. 23 v
2. DRAWING IS FOR PRESSURE VESSELS -03, -02 & -03. g m 2 e ’
3. MATERIAL CFRTS REQUIRED ON ALL TTEMS. (DELIVER TO PROJECT ENGINEER). AT K
4. PRE-CLEAN ALL SURFACES PRIOR TO FABRICATION PER SPEC. BC-101-052-D10 SECTIONS 11.0, 5 m ig, -nd 5 v
4.1. FINAL CLEANING SHALL BE PERFORMED LISING ETHYL ALCOHOL & A LINT FREE CLOTH, 5% Zed
5."022" WELD PER EDEN SPEC BCIDI-D02-022, LATEST REV. g gke c e
6. RADIDGRAPHICALLY INSPECT 5% OF SUTT WELDS PER ANST B3L.3. EEE3 m i
7. PERFORM MASS SPECTOMETER LEAK TEST (REF. BC101-050-010 SECTION 5.6.13. pizir E &
B. PRESSURE TEST PER EDEN SPEC BC101-50-010 SECTION 5.6; DESIGN PRESSURE 150 PSIG. XL EL 2
TEST PRESSURE 188 PSIG. FEEEE:
9, FORWARD COPY OF TEST REFORT TO PROIECT ENGINEER, Esaks & e

4

_ 3

ot

v10.18.12.104./424 .




e

[fAvD 4
0s'6E

89'8
888
88'8
t
00°2
STTXE

T30S
¥-¥ NOLLD3AS
la/t

- E——
—innil

~Js/t

6

|
*:\i_/’T

00t X2
..‘_,_i

(ze/fs)
d

¢
Q &
— N m =
mgo \— ) w
= o
2 e \ i
v m T § T
© ° °© = -1 «
™ l L4 A)

_‘AA pa—— —_— —_— m— A
N " _f_
O =
=
s
— d s
o ~
Ly S &
& 1 - [N
ES
N
E
W
< T
~ o
N 14s]
g B 0
- - Jul 0
s e =
>
— - m &
.. b r
m 4]
w o= P\ e
£, & -
[ ™ >
m i
=
™~
w v .L {
jw) w
il FaRERs
= tn
mp g2 =
Mo
= r oc
. Il %
"N T
w & 2
5 [N
< & —
2]
L 8]
& g
=
Ll (0% 15 FO (£ g i
m
9
=) EI e
=y m 2]
n -
N
MOTES: (UNLESS OTHERWISE SPECIFIED} TOLERANCES: THFCRKATION SHOWN ON THE
1. DIMEHSIONS ARE I THCHES, COMFORMING T0 ASHE Y¥14,5-1%H, XX .03 wﬁ%‘;&)ﬁmrﬁ? [y
ALL DEHENSTONS APPLY AFTER FISH, XXX +.010 L Mo T
2. D€-BURR AND BREAK ALL SHARP EDGES AR CORNERS TO A0S Max, X.J0OX 1,005 TRAKSHLTTED 10 OTHERS ot
3, SURFACE TEXTURE/FIMSH 64 RHS ANGULAR - 1| MY LT vl
T $445 RAUSCH DRIVE {000_HAB 1o/1q2008
PLAIN CITY, OH 43064 |CHER: 18 12/28/2009 [ I W5 05557 TADDED SEET 3 - WELOWAF,
BI4.873.3940  [ENGR MM 12/26/2009 |11 Sarme AR [T-Fi36 ] 7 ADDED SUPPORTS MO WELD CALLOUT.
Ll A2 A 2301 Mag H10-0038 L1, 56, WAS 75 FROM BOT IOM OF 3 NP FIPE,
AAENIGH e -‘T—u.m 090177 e ARy i PETTTRITER . PRSI EFRARTION
SIZE | CRAWING/PART NUMBER SHEET REV nmé-ufza.rzoos TE BC‘UZiZB
B | BC-02128-5820-01 |13 | B [ WELDMENT, LAR PRESSURE VESSEL

> ' Informaﬂon Copy
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4 3 ¥ 1 A u
PARTS LIST .
ITEM|ITEM QTY| PART NUMBER DESCRIPTION STOCK NUMBER] PO NO, HEAT NO. MATERIAL w n
1 3 |BC-02128-0050 |WELD CAP, I NPS X SCH 10 BC-3276 0181 |Stminless Steel 304/304L AGME SA1E2 5
2 2 |BC-02128-0059 |PIPE, § NPS X SCH 10 X 15 LG PI-016-010-021 | BC-3276 | 829979 |Stainless Steel 30473041 ASME SAS1Z 5 O
3 2 BC-02128-0053 |WELD CAP, 12 NPS X SCH 10 BC-3276 BBO70055 |Staintess Steel 304/304L ASTM A403 m -
3 1 |BGC-02128-0057 |INNER VESSEL, GKN SINTERED METAL DISC SIKA R 30 BC-3279 | A317725_10 | AIST 316L & ll__ 1
5 1 BC-02128-0052 | PRESSURE VESSEL, PIPE, 12 NPS X SCH 10 PI-192-010-021 { B(C-3276 280463 Stainless Stesl 304/304L ASME SA312 m %
6 3 BC-02128-0055 |THERMOWELL T700-P-6 BC-3283 3C730 Stainless Steel 304/304L E{IS a
7 1 BC-02128-0058 |INNER VESSEL, GKIV SINTERED METAL DISC SIKA -R 30 BC-3279 | A317725_ 20 | AISI 316L m m o
8 1 [1B-D0O3-001-020 |VESSEL BRACKET, CODED LABEL BC-3453 5LVS | Stainless Stes! 304/304L ASME SA240 |8l 82 = m
g z BC-02128-0056 THERMOWELL T7G0-P4 BC-3283 3C730 Sfainless Steel 304/304L M m M m
10 3 BC-02128-0124 BRACKET, HANGING SUPPORT BC-3175 231105 Stainless Steal 30473041 ASTM A240 j m mm " % r
i1 1 BC-02128-0051 | INNER VESSEL, PIPE, 3NPSXSCH 10X 11 1/2 LG {PI-048-010-021 | BC-3276 391025 Stainless Steel 304/3041. ASME S5A317 m m m % B 0
12 H BC-02128-0054 |WELD CAP, 3 NPS X SCH 10 BC-3276 139308 Stainless Steel 304/304L ASTM A403 m a m = m %
13 2 |BC-02128-0075 |SUPPORT, SINTERED METAL, 1/4 X 1 X 1110 BC-3427 | 156654/ |Stantess Steel 304/304L ASME SA47D S2EE MRES < o
i ©
14 1 BC-02128-1701 |ILABEL, CODED VESSEL LB-(03-006-001 Stainless Steel 30473041 m m m m m ml e
L
i Jri f o m =
fau)
m B W 518 =
SRR =
=
wmmwmm
2 lzia(als
B IRIS IR |5
R sl® -
O U ey m
2l5ialo(s m_m
mm a . eafm o (-]
BlapczoaRiEl8 1, 2
wuwummmﬁ BE S RERIM
mmmm“wmm .M.M W M. < W Mm
Phleclelzlal |25
mmmmrmmm celalzf o Els
e wEE I HERE
&
ioagn |BBe IO
2 &
22 =54
NOTE: it i
. > B 2 2ax
B m .,w.m k=3 z
z
L. BREAK ALL SHARP EDGES AND CORNERS TO R.005, p

2. VESSEL TO BE BUILT T BOILER & PRESSURE CODE ASME SECTION VIIT DIVISICN 1.

3. MATERTAL CERTS REQUIRED ON ALL ITEMS,

{DELIVER TO PROJECT ENGINEER).

4. FRE-CLEAN ALL SURFACES PRIOR TQ FABRICATION PER SPEC. BC-101-052-010 SECTIONS 11,0.

4.1. FINAL QL EANING SHALL BE PERFORM|

5, "¢22" WELD PER EDEN SPEC BC101-001-022, LATEST REV.

6. PASSIVATE ALL WELDS.

7. DESIGN PRESSURE 150 PSIG, PNEUMATIC TEST PRESSURE 165 PSIG.
8. MASS SPEC, PER EDEN CRYOGENICS SPEC. BC-101-070-G01.

9. INSPECT INNER SURFACES WITH ULTRA VIOLET

SECTION 13.2.

10. CERTIFIED TEST REPORTS AND TEST RECORDY/

PROJECT ENGINEER FOR THE FOLLOWING TESTS:
10.1. MASS SPEC. PER EDEN CRYQGENICS SPEC, BC-101-070-001.
11. ATTACH LABEL BC-02128-1701 AFTER A.I. INSPECTION.

ED USING ETHY1. ALCOHOL & A LINT FREE CLOTH.

LIGHT PER EDEN SPEC, BC-101-052-010,

DATA SHEETS SHALL BE PROVIDED TO THE

L. DIMENSIONS ARE TH IHCHES, DONFOAMING TO ASME Y¥14.5-1994.

NOTES: (LNUESS OTHERWISE SPECIFIED)
ALL DEMENSIONS AFPLY AFVER FIKISH .

2. DE-BLRR AN BREAK AL SHARP EDGES AN CORPERS TO R.015 MAX, XK £.005

3. SURFACE TENTURE/FINISH 64 A4S

B | BC-02128-5820-01 | 203

SIZE | DRAWING)PART NUMBER

4

|

[y
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4 _ 3 ¥ 2 _ i O
IT-02128-5820-22
WELDER €33 IT-02128-5820-5 "
WIRE HEAT NC. _ V5893 WELDER 35 g n
WIRE HEAT NO. __249063 (1) o
V5552 (C) = O
JT-C2128-5820-23 JT .owmm.mmmc,&m 3 .
WELDER o35 WELDER 5 ; —
WIRE HEAT NO. __V5893 JT-02128-5820-21 WIRE HEAT NO. 248063 (1t} oS g
WELDER c3 V3552 (C) = a
WIRE HEAT NO, __y5893 3 W
L
JT-02128-5820-2 mmw & m
IT-02128-5820-19 JT-02128-5820-20 WELDER ____ €35 g o«
WELDER p WELDER 035 WIRE HEAT NO. __ 249063 2 g hem
WIRE HEAT NO. V5735 WIRE HEAT NO. _V5735  _ DETAIL I 3 mm O
] SCALE1:2 m mw ¥
=
ﬁm.mw%m.mmnﬁvwwm IT-02128-5820-18 gy 2
WIRE HEAT NO. . 249063 I WELDER [,MJEJI o =
—£1003 |, WIRE HEAT NO. V5557 (R) g =
s\\ V5944 (C)
r/ J TT-02128-5620-17 TT02128-5820-8 E
JT-02128-5820-12 WELDER C35 WELDER [ &
%mm_mmwﬂ_p._‘ 5 QNME& = WIRE HEAT NO. _ ¥5735 WIRE HEAT NO. _ V5735 2,
ITON20582015 o DETAIL ] 3 -
WIRE HEAT NO. 245063 (R). D= 0 SCALE t : 3 ~|g
V5893 () i
TT-02128-5820-11 R T 3
-5820- WELDER s fiEe mu gIEIE [+ 8
H02128-5820-13 WIRE HEAT NO. . 259433 . 02125 srsfelisla (281,
WELDER 35 IT-02128-5820-17 deiralela] |2 g
B WIRE HEAT NO. 249063 (R} WELDER €35 EH ummmm B RE
V5893 (C) WIRE HEAT NO, V5552 (R) mmmmmm Slelelalel £ 21s
V5534 (C) LR HE B ERE
b
FT-02126-5820-16 N -
WELDER &5 EEL I Y
WIRE HEAT NO. 249063 (R} W 0 mi. TS -
2 DETAIL K SEEEIE R
SCALE1:3 L irE
JT-02128-5820-14 ;3 ar
WELDER 35 iz &
WIRE HEAT NO. _245063 (R) ] H n o~
V5893 (C) 5e oG
| — 1 m e i
TT-02128-5820-9 - /\.Jr\ b : m g 2 _umn-a § m
WELDER £33 g oo JT-02128-5820-3 g z E
WIRE HEAT NO. V5893 o218 582010, . WELDER as b mm m w g
WIRE HEAT NO. _245063(R) |2 &% 5 !
WIRE HEAT ND. . V5735 - 02128-5320- G
SECTION G-G SECTION H-H Ve DETAIL L - (i ;2
SCALE 1: 9 SCALE1: 9 WIRE REAT 0. 245365 LE1:3 BH =
mn> m . R &
4 { 3 4 2 | 1
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HOTES: (LNLESS OTHERWISE SPECTFIED) 3 THFORMAA TTOM 51
1. GIMOVEIONS ARE IM THCHES, QOMFORMING TD ASME Y14.5-1994, :.;(Iﬂffgg Dﬂ%%&ﬂ%&&}}
ALL DIMENSIONS APPLY AFTER FINISH, XXX £.010 CREGICS, LLE ATH1S WG TO| -
2. DE-BURA AND BREAX ALL SHARP EDGES AHD CORNERS TO R.DIS MaX,  X.XOXC 005 ’mﬁ%%fﬁﬁm
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4 3 ¥ 1 C
PARTS L1ST
I[TEM|ITEM QTY | PART NUMBER DESCRIFTION STOCK NUMBER| PC NO. HEAT NO. MATERIAL & n
1 2 [BC-02128-0050 |WELD CAP, 1 MPS X SCH 10 BC:3276] 0181 |Stainless Steel 30473041 ASME SATSZ < 0
2 2 |BC-02128-0059 {PIFE, 1 NPS X SCH 10 X 15 LG PE-016-010-021 |BC-3276] 8295979 IStainless Steel 504/304L ASME SA312 u
3 2 BC-02128-0053 | WELD CAP, 12 NPS X SCH 10 BC-3276| BBO70055 [Stainless Steel 304/3041 ASTM Ad03 - I—-
4 1 BC-02128-0057 [INNER VESSEL, GKN SINTERED METAL DISC SIKA -R 30 BC-3279 1 A317725_10 | AISE 316
5 1 BC-02128-0052 | PRESSURE VESSEL, PIPE, 12 NPS X SCH 10 PI-192-010-021 | BC-3276 280463 Stainless Steed 304/3041. ASME SA312 m % a
1) 3 BC-02128-0055 | THERMOWELL T700-P-6 BC-3283 3730 Stainfess Steel 304/304L w m
7 1 |8C-02128-0058 |INWER VESSEL, GKN SINTERED METAL DISC SIKA R 30 BC-3279 | A317725_20 | ATS 3161 AR . m
8 1 LB-003-001-020 |VESSEL BRACKET, CODED LABEL BC-3453 5LVS Stainless Steel 304/304L ASME SAZ40 A Bl ﬁ
9 :  |BC-02128-0056 |THERMOWELL T700-P4 BC-3283]  3C730 | Staintess Steel 304/304L g [ S 15 N W
10 3 |BC-02128-0124 |BRACKET, HANGING SUPPORT BC-3175] 231305  |Stainless Steel 304/304L ASTM A240 m m 38 . w 0
11 1 __|BC-02128-0051 |INNER VESSEL, PIPE, 3 NPSX SCH 10X 11 1/2 LG |PI-043-010021 |BC3276] 391025 | Stalnless Steet 304/304L ASME SASLS 555 w H B B
iz 1 |BC-02128-0054 |WELD CAP, 3 NPS X SCH 10 BC-3276| 130308 | Stainless Steel 304/304L ASTM A403 EEls i &g L
13 2 {BC02128-0075 |SUPPORT, SINTERED METAL, 1/4 X 1 X 11 LG BC-3427 | 156654/ | Stainless Steel 304/304L ASME SA479 HaH & e n
252208 SiT 2=
14 1 |BC02128-1702 |LABEL, CODED VESSEL LE-003-000-001 Stainless Steel 304/304L m m m E £ —
@ @ o Jod | m m
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1. BREAK ALL SHARP EDGES AND CORNERS TO R.005. L ETF
2. VESSEL TO BE BUILT TO BOILER & PRESSURE CODE ASME SECTION VATI DIVISION I, g 2 M A
3. MATERIAL CERTS REQUIRED ON ALL FTEMS. (DELIVER TO PROJECT ENGINEER). : o2 ¥
4. PRE-CLEAN ALL SURFACES PRIGR TO FABRICATION PER SPEC. BC-101-052-010 SECTIONS 11.0. 7 8 n b
4.1, FINAL CLEANING SHALL BE PERFORMED USING ETHYL ALCOHOL & A LINT FREE CLOTH, i B ©
5. "022" WELD PER EDEN SPEC BC101-003-022, LATEST REV. G¢ 8 e w
6. PASSIVATE ALL WELDS., 2 m w m W“ - 0O |
7. DESIGN PRESSURE 150 PSIG, PNEUMATIC TEST PRESSURE 165 PSIG. mEEry ‘“d £
8. MASS SPEC. PER EDEN CRYOGENICS SPEC. BC-101-070-001. g4¢ iz 2 v
9. INSPECT INNER SURFACES WITH ULTRA VIOLET LIGHT PER EDEN SPEC. BC-101-052-010, m m 33 m M
SECTION 13.2, =5 T
10. CERTIFIED TEST REPORTS AND TEST RECORD/DATA SHEETS SHALL BE PROVIDED TO THE R m Le)
PROJECT ENGINEER FOR THE FOLLOWING TESTS: 2 i3 § g 2
10.1. MASS SPEC. PER EDEN CRYOGENICS SPEC. BC-101-070-001. geis £ "
11, ATFACH LABEL BC-02128-1702 AFTER A.L INSPECTION. m R e
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H IT-02128-5820-22 C
WELDER 35 i -
WIRE HEAT NO. __ 249793 ﬁmmwﬂmwﬂm mmND.mﬁu 5 M
WIRE HEAT NO. 245753 (R) : c
V5552 (C)
IT-02126-5820-23 IT-02128-5620-4 .
WELDER G35
WIRE HEAT NO. __249793 J1-02128-5820-21 ?mx_.m wwpiglnwmn O
—= WELDER 35 B 9793 (R m } & ——
WIRE HEAT NO. __249793 ~Y5552(C) 2 o
& —t
J1-02126-5820-2 m & a
Ti-02128-5820-19 IT-02128-5820-20 WELDER a6 __ ; =
WELDER 35 H WELDER 35 WIRE HEAY NO. __249793 2 |y
WIRE HEAT NO. _ V5B WIRE HEAT NO. _v5893 2
0. YB3 - DETAIL I DA
~— o
- SCALE 1:2 821 O
B35 S
JT-02128-5820- =
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WIRE HEAT RO~ 349793 (R WELDER 35 =Y -
FATNO mmmmww@ |, WIRE HEAT NG, _V5552 (1) z
“ i V5044 (F)
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L 7 e
JT-02128-5820-7 ¥r-(2128-5820-8
TeTs 012 WELDER _C3s WeibeR o Cas
— 05 ____ Wi ! ATND %%
T-02138 5820-15 WIRE HEAT NO. 249733 {R) RE HEAT NO. __ 252433 WIRE HEAT NO. __252433 .
WELDER as VSBRR(C) DETAIL ] & o
WIRE HEAT NO. _248793 (R .
ﬂmﬂi @ W 0 SCALE1:3 &
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IT-02128-5826-11 prv N B B
IT-02128-5820-13 WELDER O35 ___ mmmmww HEE (38
e WELDER 35 WIRE HEAT NO. 252443 ) - IT02128-5820-17 ey S50
WIRE HEAT NG, _249793 (R} WELDER 35 mumw_mmmm FHEEER
VSR (C) SN WIRE HEAT NG, V5893 (R) gagheaalialsl | 9.
{ Vi BEhslelele £ B i
IT-02128-5620-16 T
WELDER 35 //}. Gman® mwm RS
WIRE HEAT NG, 209793 (R). ‘i o Wﬂmmw god ¢
V5552 5 ™M
— DETAIL K Papiilabs 16
. [E% T m
SCALE1:3 A
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WELDER G5 gk d S
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WIRE HEAT NO. _ V5803 TT-02128-5820-1 WIRE HEAT NO._249793 (R) H g
SECTION G-G —*—  SECTION H-H Wb s pETAIL L RLACHY | FE 1
SCALE1:9 SCALE1:9 WIRE HEAT NO, __ 249763 Nmmmm
* SCALE1:3 SEEL 4 0
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NOTES: (UNLESS OTHERWISE SPECIFIED) TOLERANCES: mr:sm SHOWH ON THS
1. DIHENSIONS ARE IN INCHES, COMFORMING TQ ASME Y14.5- 1994, XX £.030 MMSCI.E Wx‘rrvﬂnar‘:m‘g? fury
AL DIMERSIONS APPLY AFTER FIKESH. XA+ D1 s IR
2. BE-BURR AND BREAX ALL SHARP EDGES ANG CORNERS TOR.GTS piax, XX & KIS 07k L
3. SIRFACE TEXTURE/FINISH #4 AMS AHGUUR x| MR
o5 5445 RAUSCH DRIVE [P, M08 T0jLe/7069
PLAN CITY, CH 43064 [ JM_12/28/2009 | N ) OB [H0-005d [AD0ED SHEET S - WELDHA,
GI4073.3569  TENGR MM (2082009 I T A 1 3/imio | PeE | 15018 )3 ATCED SUFPORTS AN WALD CALIGUT]
en APPR: A2 1 A i 33000 MAR 10003 {1. .50, WAZ .75 FROM BOTTOM OF 3 HPS PIFE,
eEmmEN!EE o . o037y 2SRV omE | oweemEy | Ew FEVISION DESCRIPTION
SIZE | DRAWING/PART NUMBER SHEET R ou:révizfzajzuns TmE BC-02138
B | BC-02128-5820-03 |13 | B | WELDMENT, £AR PRESSURE VESSEL
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4 3 \'4 1
PARTS LIST
ITEMIITEM QTY| PART NUMBER DESCRIPTION STOCK NUMBER | PO NO, HEAT NO. MATERIAL
1 2 BC-02128-0050 {WELD CAP, 1 NPS X SCH 10 BC-3276 0181 Stainless Steel 304/304L ASME SAIB7 [t
2 2 BC-02128-0059 {PIPE, 1 NPS X SCH 10 X 15 LG PI-D16-810-021 | BC-3276 829979 Stainless Steel 304/304L ASME SA312 M.
3 2 BC-02128-0053 |{WELD CAP, 12 NPS X SCH 10 BC-3276 | BBO70055 | Stainiess Steel 3049/3041 ASTM A403 5
4 1 BC-C2128-0057 | INNER VESSEL, GKN SINTERED METAL DISC SIKA -R 30 BC-3279 | A317725 10 |AIS] 3160 m
5 1 BLC-D2128-0052 |PRESSURE VESSEL, PIPE, 12 NPS X SCH 10 P1-192-010-021 | BC-3276 280463 Stainless Steel 304/304L ASME SA312 m z
B 3 BC-02128-6055 | THERMOWELL T760-P-6 BC-3283 3730 Stainless Steet 304/304L m W =
7 1 8C-02128-0058 |INNER VESSEL, GKN SINTERED METAL DISC SIKA -R 30 BC-3279 { AZ17725_20 |AISI 316L m b —
8 1 LB-003-001-020 |VESSEL BRACKET, CODED LABEL BC-3453 SLVS Stainless Steel 304/3041. ASME SA2440 w m ﬁ
9 2 BC-02128-0056 | THERMOWELL. T700-P-4 BC-3283 |  3C730  [Stainless Steel 30473041 i3 m &
10 3 BC-02128-0124 |BRACKET, HANGING SUPPORT BC-3175 231105 Stainless Steel 3043041 ASTM A240 m w... m ” o m
11 1 BC-02128-0051 |INNER VESSEL, PIPE, 3 NPS X SCH 10 X 11 12 LG {PI-048-010-021 | BC-3275 391025 Stainless Steel 304/3041 ASME SA312 m W 7 W w
12 1 BC-02128-0054 |WELD CAP, 3 NPS X 5CH 10 BC-3276 139308 Stainless Steel 304/305L ASTM A403 m m w | m m r
13 2 BC-02128-0075 |SUPPORT, SINTERED METAL, 1/4 X 1 X 11 LG BC-3427 1 156654/ !Stainless Steel 304/304L ASME SA479 els m M M O
252208 S m A 23
14 1 BC-02128-1702 {LABEL, CODED VESSEL L8-003-000-001 Stainless Stea] 304/304L m m m i} m W..f
i}
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L. BREAK ALL SHARP EDGES AND CORNERS TO R.05. : BT
2. VESSEL TO BE BUILT TO BOILER & PRESSURE CODE ASME SECTION VITI DIVISION L g g M A
3. MATERIAL CERTS REQUIRED ON ALL ITEMS, (DELIVER TQ PROJECT ENGINEER). L T
4. PRE-CLEAN ALL SURFACES PRIGR TO FABRICATION PER, SPEC. BC-101-052-D10 SECTIONS 15.0. % m n _nr....
4.1. FINAL CLEANING SHALL BE PERFORMED USING ETHYL ALCOHOL & A LINT FREE CLOTH, ~ B o0
5."022" WELD PER EDEN SPEC BC101-001-022, | ATEST REV. By ¢ e in
&, PASSIVATE ALL WELDS. 2728 juB « o0
7. DESIGN PRESSURE 150 PSIG, PNEUMATIC TEST PRESSURE 165 PSIG. . m B .»d EN
8. MASS SPEC. PER EDEN CRYOGENICS SPEC. BC-101-070-001, £gf iz 2wl
5. INSPECT INNER SURFACES WITH ULTRA VIOLET LIGHT PER EDEN SPEC. BC-101-052-010, B2od g m M
SECTION 13.2. Ezk 503
10. CERTIFIED TEST REPORTS AND TEST RECORD/DATA SHEETS SHALEL BE PROVIDED TD THE m g m m m E m
PROZECT ENGINEER FOR THE FOLLOWING TESTS: g2 H H
19.1. MASS SPEC. PER EDEN CRYOGENICS SPEC. BC-101-070-001. TEH "
13, ATTACH {ABEL BC-02128-1702 AFTER A.T. INSPECTION. m sdggn a o

4 3

-

v10.18.12.112./.424




¥

3 2 1 O
H T1-02128-5620-22 O
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V5893 () gl
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NOTES: (UNLESS DTHERWISE SPECIFIED} TOLERANCES: HFORMATICH SHOMWH ON THIS
1. DIMENSICNS ARE [N INCHES, CONFORMING TO ASME Y14.5-2004. XX £0X mmmn ma)u
ALL DEYENSTONS APPLY AFTER FINISH, XXX £ 010 ﬁ’:‘%ﬁg;"“fsﬁg L
2. GE-BURR AN BREAS ALL SHARP EDGES AHO CORNERS TO R.G1S MAY. X0 £.005 TRANSHLITED TODTHERS 708
1. SURFACE TEXTURE/FINISH 64 RMS ANGULAR  + 1/2] %&T&gnau:.ﬁ
.?. 8445 RAUSCH DRIVE |0 MAS 11/3/2009
PLATH CITY, OH 43064 fLtkR: WM 12/28/2009
&n SSTLIBY  JNGL MM 16000
o PR 1= 1 ]l { ]
) " IO | REV] DATE | OUNGEDBY | DR SCRIPTL
SIZE | DREWTNGIPART NUIMRER, EHERT EY DR :’92:377 L I BC 02128 e -
DATE: 1. /2009 3
B | BC-02128-5830 |1x3 | - ASSEMBLY, CRYOGENIC INLET
=

z
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0
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HATES: (UNLESS OTHERWISE SPECIFIED) TOLERANCES:
1. DIMENSIONS ARE IH INCHES, COMFORMING TO ASME Yi4,5-1594, XX £0X
AL DIMERGIONS APPLY AFTER FINISH. XXX +.010

2. DE-BRR AMD BAEAX A1, SHARP EOXFS AN OOANFRS Terg ns s, X, 0000 £ 005
3. SURFAE TEXTURESFINISH 64 AMS

ANGULAR  + 172"

ENFORMATION 5 HGWH DN TXIS
DRAWIHG I5 PROPRET M‘!’Ag(ﬂ
CAXCGERICS, LLC AN IS HOT TO|
EE REPRODCCED, BECLOSEDOR
TRANSHITT 6 Y0 EFTRERS KOR
ANT PERFCRE WO ATHORIED
B EDEH CRYOGENICS, LLE.

SIZE

E‘ 8445 RAUSCH DRIVE [0 MAB 11/3/2009
PLAIN CITY, OH 43064 [UiKR: MM 12/28/200%
d' £14,873.3549 EIGR: M 12/28/2603
e en S o o s —
TRAWINGIPART NUMEER e R 08-0377 DAE, L CHANGEDBY | GOk ] T A ATON DESCRPTION
oATE:12/ 28/ 2009 |
BC-02128-5830 |23 | - ASSEMBLY, CRYOGENIC INLET
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4

PARTS LIST

ITEM

ITEM Q1Y

PART NUMBER

DESCRIPTION

STOCK NUMBER

MATERIAL

2

BC-02128-0061

WELD CAP, 1 NPS X SCH 10

Staintess Steel 304/304. ASME SA403

2

BC-02128-0062

TEE, 1 NP5 X SCH 10

Stainless Steel 304/3041, ASME SA403

AR

BC-02128-0060

CRYQGENIC INLET, PIPE, 1 NPS X SCH 10

PI-016-010-021

Stainless Steel 304/304L ASME SA312

2

BC-02128-0063

ELBOW, LR, 1 NPS X SCH 10

Stainfess Steel 304/304L ASME SA403

1

SR-002-036-306

STAND-OFF RING, 1 NPS X 2 NPS X 11 GA.

Stainless Steel 304/304L ASTM A240

BC-02128-0067

CRYQGENIC INLET, PIPE, 2 NPS X SCH 10

PI-032-010-021

Stainless Steel 304/3041. ASME SA31?

BC-02128-0068

STAND-OFF RING, 2 NPS X 4.20 DD X 11 GA

Stainless Steel 304/304L ASTM A240

WG IS UT ] B | N | b

BC-02128-0070

CRYQGENIC INLET, PIPE, 4 NPS X SCH 40

PI-064-040-021

Stainless Steel 304/304L ASMF SA31?

BC-02128-0066

CRYOGENIC INLET, BELLOWS, 4 NPS

Stainless Steef 304/304L ASME SA321

BC-02128-0069

MITERED ELBOW, PIPE, 4 NPS X SCH 10

PI-048-010-021

Stainless Steel 304/304L ASME SA312

BC-02128-0065

CRYCGENIC INLET, PIPE, 4 NPS X SCH 10

PE-064-010-021

Stainless Steel 304/304L ASME SA312

BC-02128-0074

INSULATION, PRYOGEL XT

NOTE:

L. BREAK ALL SHARP EDGES AND CORNERS TO R.005.
2. "022" WELD PER EDEN SPEC BC101-001-022, LATEST REV.
3. ALL DIMENSICNS ARE FOR REFERENCE ONLY.

3.1. FINAL DIMENSIONS TC BE VERIFIED

AT NEXT ASSEMBLY.
4. FABRICATE PER EDEN SPEC. BC101-50-1001 SECT. 1-9.
5. ALL INNER LINE BUTT WELDS ARE TO BE INSPECTED TO CONFIRM

FULL PENETRATION AS FOLLOWS:

5.1 VEISUAL EXAMINATICON OF ID WHERE POSSIBLE.
5.2 WHERE (5,1} IS NOT POSSIBLE, RANDOM RADIOGRAPHICALLY
INSPECT 5% OF ALL INNER LINE BUTT WELDS NOT INCLUDING
THOSE EXAMINED VISUALLY, (THIS IS TO BE 5% OF THE ENTIRE
JOB, NOT 5 % OF EACH SPOOL). USE SINGLE FILM ONLY.

6. INSULATION PROVIDED BY CUSTOMER.

6.1 WRAP PIPE WITH TWC 10mm THICK LAYERS OF "PRYOGEL XT"

REVISION DESCRIFTION

I
I

EDR

CHANGED BY

- I
ZOME | REV | DATE
TME

BC-02128
ASSEMBLY, CRYOGENIC INLET

ERFORHAYION SHOVW DN THS.
DRAWING 15 PROVATETARY ARD
THE SOLE FROPERTY OF EIGH

CRYDEEMCS, LLC M (S MGT O

BE PEPRODUCED, DISCLOGED R
TRASSHIETEC TO OTHERS FOR
BY BN CRYOGERICS, L.

AN AURROSE 30T KTHORIZED

ENGR: HI 1228/200%

EDR!  09-0377

DATE:12f 28/ 2000

SCALE:

TOLFRANCES:
XX 0%

1. DIMERSIONS ARE K INCHES, CONFORMTNG TO ASME V14.5-1994,

POTES: (UNLESS OTHERWISE SPECIFIED)

XXX £ 010

2. DE-BURR MG BREAX ALL SHARP EDGES AND CORMEAS TO-R.O15 MAX,  XJ00( 4:.005
[

ANGULAR 112"
8445 RAUSCH DRIVE DN _MAB 11/3/2009

ALL DIMENSIONS APPLY AFTER FINISH,
1. SURFACE TEXTURE/FINISH 64 RMS

S14.873.3945

PLAIN CITY, O 43064 JoHR: M 1271872009
X0

n
B BC-02128-5830

d

SIZE | DRAWING/PART NUMBER

REY

SHEET

Jo3d

4

oy
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NOTES: (UNLESS OTHERWISE SPECIFTED) TOLERANCES: INFORKATION SHOWN ON TS
1. DIMONSIONS ARE IN IMCHES, CONFOAMING TO ASME Y14,5-1954. XX .03 mnﬁ%?ﬂmmfm%?
AL DINENSIONS APHY AFTER FIHISH. XX 4,010 CUORHICE LLC ML T TO) Laas
2. DE-BURR AHD BREAX ALL SHARP EDGES AMD CORNERS TOR.015 MAX,  XJOD! *.005 auzmmc;,ac.!summm
3. SURFACE TEXTURE/FINIR 64 RMS ANGULAR £ 1427 "Wﬁ&"ﬁ‘&"g&ﬂﬁ‘
o 5445 RAJSCH DRIVE [PHH: M8 117373009
PLATN CITY, O 43064 [CHRR: HM_13/28/2003
614.873.3949 ENOR: MM [2/28/2009
en = e e e
X ZONELREV | DATE | CHANGED BY | EDR
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4 3 AW 2 1
PARTS LIST
ITEMITTEM QTY| PART NUMBER DESCRIPTION STOCK NUMBER MATERIAL
1 1 BC-02128-0062 [TEE, 1 NPS X SCH 10 Stainless Steel 304/304L ASMFE SA403
2 AR BC-02128-0071 [CRYOGENIC QUTLET, PIPE, 1 NPS X SCH 10 |PI-016-010-021 |Stainless Steel 304/3041. ASME SA312
3 1 BC-02128-0063 |ELBOW, LR, 1 NPS X SCH 10 Stainless Steel 304/304 ASME SA403
4 1 SR-002-036-306 | STAND-OFF RING, t NPS X 2 NPS X 11 GA. Stainless Steel 304/304L ASTM A240 2
5 AR BC-02128-0072 |CRYOGENIC QUTLET, PIPE, 2 NPS X SCH 10 |{PI-032-010-021 |Stainless Steel 304/304L ASME SA312 m
& 1 BC-02128-0068 |STAND-QFF RING, 2 NPS X 4.20 0D X 11 GA Stainiess Steel 304/304L ASTM A240 m
7 1 BC-02128-0061 |WELD CAP, 1 NPS X SCH 10 Stainless Steel 304/304L ASME SA403 m W
8 1 BC-02128-0070 |CRYOGENIC INLET, PIPE, 4 NPS X SCH 40 | PI-064-040-021 |Stainless Steel 304/304L ASME SA312 w
S 1 BC-02128-G066 |CRYOGENIC INLET, BELLOWS, 4 NPS Stainless Steel 304/304L ASME S5A321 = m
10 A/R BC-02128-0073 |CRYOGENIC QUTLET, PIPE, 4 NPS X SCH 10 |PI-064-010-021 {Stainless Steel 304/304L. ASME SA312 m m
11 1 BC-02128-0069 |MITERED ELBOW, PIPE, 4 NPS X SCH 10 PI-048-010-021 {Stainless Steel 304/304L ASME SA312 M &
12 AR BC-02128-0074 |INSULATION, PRYOGEL XT W_w..
o
] &

CATE

& <

200 | REV
Tme

[HEORMATION SK W DR THIS
GRAWING I3 PROS IEYART A
THE SOIE PROPERTY OF EDEM
CRYOGENTCS, L ANDHS NOT TO|
L ﬁmnuctg, DEOLDGED GR.
RANGMITTED TO TTHERS FOR.
AT AURPOSE NOT AUTHORIZED
BY (DEN CRVOGEHTCS, UL
EhGR: HM_12/28/2009
£or: 09-0377
oaTe:12/28/2009
i3

SCALE:

NOTE:

1. BREAK ALL SHARP EDGES AND CORNERS TO R.005,
2. "©22" WELD PER EDEN SPEC BC101-001-022, LATEST REV,
3. ALL DIMENSIONS ARE FOR REFERENCE ONLY.
3.1. FINAL DIMENSIONS TO BE VERIFIED
AT NEXT ASSEMBLY.
4, FABRICATE PER EDEN SPEC. BC101-50-1001 SECT. 1-G.
5. ALL INNER LINE BUTT WELDS ARE TO BE INSPECTED TO CONFIRM
FULL PENETRATION AS FOLLOWS:
5.1 VEISUAL EXAMINATION OF 1D WHERE POSSIBLE.
5.2 WHERE {5.1) IS NOT POSSIBLE, RANDOM RADIOGRAPHICALLY
INSPECT 5% OF ALL INNER LINE BUTT WELDS NOT INCLUDING
THOSE EXAMINED VISUALLY, (THIS IS TO BE 5% OF THE ENTIRE
JOB, NOT 5 % OF EACH SPCOL). USE SINGLE FILM ONLY.
6. INSULATION PROVIDED BY CUSTOMER.
6.1 WRAP PIPE WITH TWC 10mm THICK LAYERS QF "PRYOGEL XT".

4 3 mv > _

ANGULAR % 177
8445 RAUISCH DRIVE [9: BAB 11/3/2009

§14.873.3948

TOLERANCES!
XX  +.030

XX £.01

2.DE-BUAR AND BREAK ALL SHARP EDGES AND CORNERS TORALS MAX. X X0 +.005
SHEET

22

PLAIN CITY, OH 43064 [CHRR: M 12/28/2005
REV

en
BC-02128-5840

é_?-

. DIMENSIONS ARE EN THCHES, CONFORMIMG TO ASME Y14.5-1994.

AL DIMERSIONS APPLY AFTER FIHISH.

KOTES: (UNLESS QTHERWISE SPECIFTED)

1. SUAFACE TEXTURE/FINISH 84 RNS

SZE | DRAWING/PART NUMBER
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HOTES: {UNLESS OTHERWISE SPECIFIED) TOLERANCES: INFORHATION SHOWN ON THIS
1. DIMEHEIONS ARE IN INCHES, CONFORMING TO ASME Y14.5-1924, XX  +.030 ﬁ‘ﬁ%m:mﬂ
ALL DIMENSIONS APPLY AFTER FIHISH, KA & 010 T M bl T =
1. DE-FURR AND BREAX ALL SHARP EDGES AND TORKERS TO R.OLS Max, X 000 +.005 TRAMSHITTED T0 GTHERS o)
3. SURFACE TEXTURE/FINISH 64 RMS ANGULAR & 12| My R SmicRan
.‘?; 8445 RAUSCH DRIVE [UWh: A 11/3/2009
PLAGN CITY, OH 43064 [CFR: 1M 1273812004
SL48730048  [BNGR MM 137871008
en = = j
090377 200 | REV]  DATE CHANGED BY EDA | REVISION DESCRIPTION
SHZE | DRAWING/PART NUMBER SHEET REY TME
DATE:A 2/ 28/ 2008 BC-02128
B| BC-02128-5850 |tor2 | = fme——u ASSEMBLY, REGENERATION GAS OUTLET
h=]
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4

PARTS LIST

ITEM[ITEM QTY| PART NUMBER DESCRIPTION

STOCK NUMBER

MATERIAL

AR {BC-02128-0081 |PIPE, 1 NPS X SCH 10

PI-016-010-021

Stainless Steel 304/304L ASME SA312

BC-02128-0063 |ELBOW, LR, 1 NPS X SCH 10

Stainless Steei 304/304L ASME SA403

SR-002-064-306|STAND-OFF RING, 1 NPS X 4 NPS X 11 GA

Stainless Steel 304/304L ASTM A240

BC-02128-0083 |WELD GLAND, 1 0D

Stainless Steel 304/304L

BC-02128-0084 |VCR, MALE NUT, 1 OD

Stainless Steel 316/316L

BC-02128-0085 |VCR, CAP, 1 OD

Stainless Steel 316/316L

BC-02128-00670 |CRYOGENIC INLET, PIPE, 4 NPS X SCH 40

PI-064-040-021

Stainless Stee} 304/304L ASME SA312

el il Ll L L L 120

BC-02128-0066 |CRYOGENIC INLET, BELLOWS, 4 NPS

Stainless Steel 304/304L ASME SA321

W~ d|wn|hWN=

AR BC-02128-0082 |PIPE, 4 NPS X SCH 10

PI-064-010-021

Stainless Steei 304/304L ASME SA312

—
(=]
—

BC-02128-0069 |MITERED ELBOW, PIPE, 4 NPS X 5CH 10

PI-048-010-021

Stainless Steel 304/304L ASME SA312

[y
[

AR |BC-02128-0074 [INSULATION, PRYGGEL XT

NOTE:

1. BREAK ALL SHARP EDGES AND CORNERS TO R.005.
2. "¢22" WELD PER EDEN SPEC BC101-001-022, LATEST REV.,
3. ALL DIMENSIONS ARE FOR REFERENCE ONLY.
3.1. FINAL DIMENSIONS TO BE VERIFIED
AT NEXT ASSEMBLY.
4. FABRICATE PER EDEN SPEC. BC101-50-1001 SECT. 1-9.
5. ALL INNER LINE BUTT WELDS ARE TO BE INSPECTED TO CONFIRM
FULL PENETRATION AS FOLLOWS:
5.1 VEISUAL EXAMINATION OF ID WHERE POSSIBLE.
5.2 WHERE (5.1) IS NOT POSSIBLE, RANDOM RADIOGRAPHICALLY
INSPECT 5% OF ALL INNER LINE BUTT WELDS NOT INCLUDING
THOSE EXAMINED VISUALLY, {THIS IS TO BE 5% OF THE ENTIRE
JOB, NOT 5 % OF EACH SPOOL). USE SINGLE FIEM ONLY.
6. INSULATION PROVIDED BY CUSTOMER.
6.1 WRAP PIPE WITH TWO 10mm THICK LAYERS OF "PRYOGEL XT™.

TR PR o

T CHANGEDBY | EOR |

ZORE [REV]  DATE

TE

BC-02128
ASSEMBLY, REGENERATION GAS OUTLET

i

INFORMATICH SHOWN ON THIS
DRATHG [3 PROPRIETARY A%D

"THE SOLE FROPERTY OF DEN

a9.a3rr
pate:12/28/ 2009

1.5

SCALE;

TOLERANCES:

NOTES: {LNLESS OTHERWISE SPECIFTED)

LA x4
R 4,610

1. GIMENSIONS ARE TH THCHES, OONFOAMING TO ASHE Y14.5-1994.

ALL DIMENSIONS APPLY AFTER. FINIH.
2. DE-BURR AN BREAK ALL SHARP EDGES AND CORMERS TO R.015 poax, XK +.005

3. SURFACE TEXTURE/THISH 64 RMS

REV

6148733949 [EMGR: HM 13/28/2000
. APPR:
EDRL

SHEET
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8445 RAUSCH DRIVE [B¥m: MAS §1/3/2008
PLAIN CITY, OH 43064 [OHR: M 12/26/2009
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NOTES: {UNLESS OTHERWISE SPECIFTED) TO; J TNFORHATLON SHCWM ON THES
. 1. DIMENSIONS ARE TN IMCHES, CONFORMING TO ASME Y54.5-1994. XXLER‘;ﬁ ﬁmm&”mc
ALL DIMENSIONS AZPLY AFTER FINISH, KO0 018 DRAIGERC, LLC MWD S T T0) -
2. DE-BURR AND BREAK ALL SHARP EINES ANT CORMERS TOR.015 MAX,  XKXX £ (KIS a_‘e_&ﬁmmﬂ%‘?ﬁm.ﬁwésmm
2. SUAFACE TEXTURE/FINLSH 54 RMS ARGULAR o 12] MLARREC TRt
- 8445 AAYSCH DRIVE [ORNFUB_Li/a/a005
PLAIN CITY, OH 43064 [GHIR I _12726/2003
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e on 2R | I ] T I . :
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4

PARTS LIST

ITEM{ETEM QTY! PART NUMBER DESCRIPTION

STOCK NUMBER

MATERTAL

A/R_1BC-02128-0051 |PIPE, 1 NPS X SCH 10

PI-016-010-021

Stainless Steel 304/304|. ASME SA312

BC-02128-0063 |ELBOW, LR, 1 NPS X SCH 10

Stainjess Steel 304/3041. ASME SA403

SR-002-064-306| STAND-OFF RING, 1 NPS X 4 NPS X 11 GA

Stainless Steel 304/304L ASTM A240

BC-02128-0083 |WELD GLAND, 1 QD

Stainless Steel 304/304L

BC-02128-0084 |VCR, MALE NUT, 1 OD

Stainiess Steel 316/316L

BC-02128-0085 |VCR, CAP, 1 QD

Stainless Steel 316/316L

BC-02128-0070 |CRYOGENIC INLET, PIPE, 4 NPS X SCH 40

P1-064-040-021

Staintess Steel 304/304L ASME SA312

L L Y

BC-02128-0066 |CRYOGENIC INLET, BELLOWS, 4 NPS

Staintess Steel 304/304L ASME 5A321

WO [~ |Lifh LI [h =

AR |BC-02128-0092 [PIPE, 4 NPS X SCH 10

PI-016-010-021

Stainless Steel 304/304L ASME S5A312

—
o
-

BC-02128-0069 |MITERED ELBOW, PIPE, 4 NPS X SCH 10

PI-048-010-021

Stainless Steel 304/304L ASME SA312

-
—

A/R  |BC-02128-0074 |INSULATION, PRYOGEL XT

NOTE:

1. BREAK ALL SHARP EDGES AND CORNERS TO R.005.
2. "022" WELD PER EDEN SPEC BC101-001-022, LATEST REV.
3. ALL DIMENSIONS ARE FOR REFERENCE ONLY.
3.1. FINAL DIMENSIONS TC BE VERIFIED
AT NEXT ASSEMBLY.
4. FABRICATE PER EDEN SPEC. BC101-50-1001 SECT. 1-9.
5. ALL TNNER LINE BUTT WELDS ARE TO BE INSPECTED TO CONFIRM
FULL PENETRATION AS FOLLOWS:
5.1 VEISUAL EXAMINATION CF ID WHERE POSSIBLE.
5.2 WHERE (5.1) IS NOT POSSIBLE, RANDOM RADIOGRAPHICALLY
INSPECT 5% OF ALL INNER LINE BUTT WELDS NOT INCLUDING
THOSE EXAMINED VISUALLY, (THES IS TO BE 5% OF THE ENTIRE
OB, NOT 5 % OF EACH SPOCL). USE SINGLE FILM ONLY.
6. INSULATICN PROVIDED BY CUSTOMER,
6.1 WRAP PIPE WITH TWO 10mm THICK LAYERS OF "PRYOGEL XT™,

REVISION DESCRIPTION

DATE CHAMGED BY EDRL

ZONE | REV
TE

BC-02128
ASSEMBLY, REGENERATION GAS INLET

DAFORMATION SHOWN OK THIS
DRAWING 15 FROPRITTAAY AND
THE SLE FROPERTY OF EDEN

CRYOGENICS, LLC XD 38 HOT T

TRANSHITTED T0) GTHERS FOR
XY FURPOSE NOT AITHEATTED
3V EDEN CRYDGENITS, LiC.

€ FEPROILCED, DISCLOSED OR

MR HM 12/28/3005

EDR:  09-03%7

bate:12/ 2872909

1:5

SCALE:

TOLERAMNCES;
XX 503

1. DIMENSIOHS ARE IN [HCHES, CONFORMING TO ASME Y14.5-1994,

NOTES: (LUNLESS OTHERWISE SPECIFIED)

K £.010

2. DE-BURR ANTY BREAK ALL SHARR EDGES AND CORNERS TO R.OLS MAX,  XO0X £ 005

ALL DIMENSIOHS APPLY AFTER FINISH.

ANGULAR 1

3. SURFACE TEXTURE/FINISH 64 RMS

614.873.3049

8445 RAUSCH DRIVE {DWN: MAB 11/3/2009

.':v.
den

PLAIN CITY, OH 43064 [CHE: HM 12/26/2009

2oc2

EMNICD

SIZE | DRAWING/PART NUMBER

B | BC-02128-5860

4 3
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NOTES: {UNLESS OTHERWISE SPECTFIED) TOLERANCES: TFORKATION SHOWN ON THIS
i | 1 DIMENSIONS ARE IN INCHES, CONFORMING TO ASME Y14.5-1984, XX £03% ﬁ”&m&"w
ALL DIMENSIONS ARPLY AFTER, FINLSH, XXX 010 SO, UC M S T O L
2. DE-FLIRR AND BREAX ALL SHARP EDGES AMD OORNERS TOROLS MAX. X000 £.005 "TRANSHETTED TQ OTHERS FOR
2. SURFACE TEXTURE(FINISH 64 RMS BANGULAR £ 1/7] %ﬁ?&;’g&ﬁgﬁm
T 8445 RAUSCH DRIVE |09 MRS 127233069
PLAIN CITY, OH 43064 {<HRE XM 12/26/3008
614.873.3949 EHGR: JHM 1272812008
e en o PR ZIR.;.Vlm-TE Y{IEDR-II
ONE. CHANGED B REVISION DESCRIPTION
SIZE | DRAWINGIFAKT FAIMEER YRR 08-0377  fee
bave:13/28/2000 BC-02128
B | BC-02128-5875 (1«2 | - b WELDMENT, PARALLEL PLATE RELIEF, BOTTOM PLATE
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NOTES: {UNLESS DTHERWISE SPECIFIED) TOLERANCES: IEORHATION SHOWY O THE
1. DIMENSIONS ARE [N INCHES, CONFORMING TO ASME Y14 51994, XX % 030 T A MR oh
ALL DIMERSIONS APHLY AFTER FINISH. XXX #.010 SROCEKICS, LLC ARD 15 BT 10
2. 0E-BURR AND BREAX ALL SHARP EDGES AN CORNERS TOR.015 MAY, X.J00X £ 005 ’m&"ﬁ“@?x
3 +| MY FURFOSE #Q T ATHORRED
3. SURFACE TEXTURE/FINISH 54 RMS BRGULAR - & 1| A e TR S, e
= 3445 RAUSCH DRIVE [PYW._MB 12/25/2089
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NOTES: (LNLESS OTHERWISE SPECTFIED) TOLERANCES: INFGRMATION SHEWA o Yl
1. DIMENSIONS ARE TH INCHES, COWFORMING TO ASME ¥14,5- 1954, XX .03 m&%‘mngm&m
AL DIMENSIONS AFPLY AFTER FINISH, KX £.050 (R LA MoT T -
2. DE-BURR AND BREAK ALL SHARP EDGES AND CORNERS TO ROLS Max, KOO £ 005 TRANSHTTTED Y0 OTHERS FoR
3. SURFACE TEXTURE/FINEH B4 RMS PRGULAR & T ”‘I."?.W&”é’&?é?{?ﬁa’
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£ 3
4 _ 3 @ 2 _ 1 W&M 2
[(e
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PARTS LIST =
TTEM|ITEM QTY] PART NUMBER DESCRIPTION STOCK NUMBER MATERIAL s
1 6  |FA-004-112-167|HEX BOLT - INCH 1/4-30 UNC - 2.25 Stainless Steet 18-8 oy =
2 1 |BC02128-0021 |BOTTOM HEAT SHIELD Aluminum-6061 ASTM B209 - S
3 | 30 |BC-02128-0172 |SPACER 92320A663 _|Stainless Steel 16-8 i
4 1 [BC-02128-0022 [BOTTOM HEAT SHIELD Aluminum-6061 ASTM B209 eTs
5 1 |BC-02128-0023 [BOTTOM HEAT SHIELD AluminGm-6061 ASTM B209 W
5 1 |BC02128-0024 |[BOTTOM HEAT SHIELD Aluminurm-6061 ASTM B209 5| o=
7 1 [BC-02178-0025 |EOTTOM HEAT SHIELD Aluminum-6061 ASTM B209 El &=
8 4 FA-006-112-105!HEX BOLT - INCH 3/8-16 UNC - 5/8 Stainless Steel 18-8 oy B
5 1 [BC-02128-0026 |BOTIOM HEAT SHIELD Aluminum-6061 ASTM B209 =2l €3
10 | 6 " |FA-004-812-030SPRING LOCK WASHER, 3/8 Stainless Steel 18-8 Ha| us
1T | 6 |FA004-813-006HEX NUT - INCH 1/4 - 20 UNC Stainless Steel 304/304L ASTM A194 GR 8 ok
12 | "4 |FA-006-812-030|SPRING LOCK WASHER, 3/8 Stainiess Steel 18-8 z "
131 4 |FA006-812-GO6HEX NUT - INCH 3/8 - 16 UNC Stainiess Steel 304/304L ASTM A9 GR 8 =
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NOTES: (UNLESS OTHERWISE SPECIFIED)} TOLERANCES: [HFORRLTION S HIMY K THIS
ot | 1 DLHENSIONS ARE IN THCHE, CONFORMING TO ASME Yi4.5-1954, XX £.030 D
ALL OTMERSIONS APPLY AFTER FINISH, XXH £ 080 CRYOGENECS, LLC AN 15 WOT Ta -
2. OE- BURR AN BREAK ALL SHARF EDGES AMD COANERS TOR D15 Max.  X.XXX +.005 l&ft«s%%%?m
3. SURFACE TEXTURE/FINISH 64 RMS ANGULAR & 12 ms{mfmmm,un
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4 3 ¥ 1
PARTS LIST -
TTEM{ITEM QTY] PART NUMBER DESCRIPTION STOCK NUMBER MATERIAL P,
1 6 |FA-004-112-167]HEX BOLT - INCH 1/4-20 UNC - 2.75 Stainless Steel 18-8 el
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NOTES: (UNLESS OTHERWISE SPECTFIED)

1. DIMENSIONRS ARE I SHCHES, CONFORMING TO ASME Y14.5- 1994
ALL DTHERSIONS APPLY AFTER FIISH.

2. 0C-BURR AND BAZAK ALL SHARP EDGES ANO CORNERS TO R.01S HaX. %200 £ .005
3. SURFACE TENTUREATHISH 64 RHS
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PARTS LIST .
ITEM|ETEM QTY| PART NUMBER DESCRIPTION STOCK NUMBER MATERIAL mwwﬂ
1 9 FA-004-112-171 |HEX BOLT - INCH, 1/4-20 UNC X 3 1/4 LG Stainless Steel 18-8 £%
2 1 |BC02128-0015 |TOP HEAT SHIELD Aluminum-6061 ASTM B209 Rt
3 | 54 |BCO2128-0122 |SPACER 92320A663 | Stainiess Steel 188 ok
4 1 |BC02128-0014 |TOP HEAT SHIELD Aluminum-6061 ASTM B209 73
5 1 |BC-02128-0013 |TOP HEAT SHIELD Aluminum-6061 ASTM B209 S
6 1 [BC0212870012_|TOP HEAT SHIELD Aluminum-6061 ASTM B209 ol S
7 1 |BC-02128-0011  |TOP HEAT SHIELD Aluminum-6061 ASTM B203 2| e
8 1 |BC-02128-0010 [TOP HEAT SHIELD Aluminum-6061 ASTM B209 =] [y
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ALL DIMEHSIGNS APPLY AFTER FINISH. XXX 010 e T -
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NOTES; {LALESS OTHERWISE SPECIFIED) TOLERANCES: IHEORMATIIN SHOMN 6 THES
£. DINENSIONS AAE IN [NCHES, CONFORMING TO ASME Y34.5-1994. WX £ 030 m’%mﬁﬁ“
ALL DIMENSIONS APPLY AFTER FINISH. XXX +,850 L L MO del To =
DICED, iSRSt on
2. DEBURR AHD SREAX ALL SHIRP EDGES AND CORMERLS T R.015 MAx.  X.JOKC £.005 TRANSHITIED To-ORGRS To
3. SURFACE TEXTURE/FINISH &4 RMS PHGULAR £ 1/2] %mgﬁgﬁ.m
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PAGE NO. HEAT NUMBER
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CRYO INLET

4130-0607
8A1219
391025
4110-0807
4110-0810
041128
I-827466
4TK4
8BCC1
096178va1
T74877
822320

GAS OUTLET

8A1219
391025
829979
[-827466
ATKA
4110-0807
8BCC1

CRYO OUTLET

BA1219
391025
829979
041126
I-827466
4TK4
T36378
8BCCH
018t
096178vV21
364604

GAS OUTLET

8A1219
391025

. 829979

PO NUMBER DESCRIPTION

BC-1134
BC-2972
BC-3276
BC-2674
BC-2674
BC-3312
BC-2387
BC-3350
BC-3276
BC-3276
BC-2845
BC-3779

BC-2972
BC-3276
BC-3276
BC-2387
BC-3350
BC-2674
BC-3276

BC-2972
BC-3276
BC-3276
BC-3312
BC-2387
BC-3350
BC-3276
BC-3276
BC-3276
BC-3276
BC-3767

BC-2972
BC-3276
BC-3276

3" NPS PIPE

4" NPS PIPE X SCH 40
4" NPS PIPE X SCH 10
1" NPS PIPE

1"NPS PIPE

2" NPS PIPE

4" BELLOWS
STAND-OFF RING

1" EBLOW

1" TEE

1" CAP

1" CAP

4" NPS PIPE X SCH 40
4" NPS PIPE X SCH 10
1" NPS PIPE

4" BELLOWS
STAND-OFF RING

1" NPS PIPE

1" EBLOW

4" NPS PIPE X SCH 40
4" NPS PIPE X SCH 10
1" NPS PIPE

2" NPS PIPE X SCH 10
4" BELLOWS
STAND-OFF RING

1" NPS PIPE

1" EBLOW

1" CAP

1" TEE

1" TEE

4" NPS PIPE X SCH 40
4" NPS PIPE X SCH 10
1" NPS PIPE

AREA

RELIEF PLATE
CRYO INLET
CRYO INLET
CRYO INLET
CRYO INLET
CRYO INLET
CRYO INLET
CRYO INLET
CRYO INLET
CRYO INLET
CRYO INLET
CRYO INLET

GAS QUTLET
GAS OUTLET
GAS OUTLET
GAS QUTLET
GAS OUTLET
GAS OUTLET
GAS QUTLET -

CRYO OUTLET
CRYO OUTLET
CRYO OUTLET
CRYO QUTLET
CRYO OUTLET
CRYO OUTLET
CRYO QUTLET
CRYO QUTLET
CRYO OUTLET
CRYO OUTLET
CRYO QUTLET

GAS QUTLET
GAS OUTLET
GAS OUTLET

V101812 133/424 .
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17
18
19
20
21
22
23
24
25

22
14
26
27
13
28
29
30
31
32

I-827466
4TK4
8BCC1

OUTER VESSEL

270081
BB070102
BBOY0021
YX0806-410
4HKA1
231105
YTB71241
5EX7
482863

INNER VESSEL

231105

o181

139308
BB070055
820979

391025

2804863

1.4404

3C730
156654/252208

BC-2387
BC-3380
BC-3276

BC-3276
BC-3276

BC-3276 .

BC-3276
BC-3176
BC-3175
BC-3276
BC-3420
BC-3276

BC-3175
BC-3276
BC-3276
BC-3276
BC-3276
BC-3276
BC-3276
BC-3279
BC-3283
BC-3427

4' BELLOWS
STAND-OFF RING
1" EBLOW

24" NPS RFSO FLANGE

24" NPS WELD CAP
24" NPS WELD CAP
2"0D TUBE

3" X 3" ANGLE

1/2" PLATE

24" NPS BLIND FLANGE

6"X6" PLATE
24" NPS PIPE

PLATE STOCK

1" WELD CAP
3"NPS WELD CAP
12" NPS WELD CAP
1" PIPE

3"NPS PIPE

12" NPS PIPE
FILTER
THERMOWELL
BAR

GAS OUTLET
GAS OUTLET
GAS OUTLET

FLANGE
WELD CAP
WELD CAP
EXT TUBE
VESSEL LEGS
FEET

TOP FLANGE
LIFT PLATES
SHELL

HANGERS
INLET /OQUTLET
FILL PORT
INNER VESSEL
INLET / OUTLET
FILL PORT
INNER VESSEL
FILTER
THEMOWELLS

FILTER SUPPORTS

v10.18.12 1347424




CERTHHCALE NO - B850 1) TRTE 17{02{ 2006
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o CONTRACL G 9106544 W N
MILL TEST REPORT  siuwpee © RAMIEN YETSU DY BAD - S
. ol ‘ BN 10204 34 . P e
mmﬁmﬂswmw%_w%m.m.n: Bhd e ORDER MUY, N & YA mm o~
_a%fﬂw_.”, MM..MW._MM M_W_.,..MHM“, Nﬁﬁhﬁg d Chean, Malaysia. . CUSTOMER : HERIT BRASS ) o mm
Ted: {p03) 5542 1400 mpxuﬁéﬂmmtﬁﬁ AAWOZDWM. ﬁﬁv . | = S
Blpdhewvekinzontalmron  emalk inkfanzende. com 3 ) T VELDED AUSTERITIC STATHLESS STEEL o >
SPECIRCATION PIPES ASTH AILD/ASKE SK3TZA-Usb . Py
TN ) L ERMICA ERPORTION e o
oAl | WEAT Y5 ] Ln JORJORIUNOROE 1 CORRDSION | ] R R o
S1zE QTY [LENGTH | WEIGHT WO AR e iﬁwms “r §oime| P S oML M °
) PLs 858 PRACYICE € X T ¥yo0s 1 Vi “
- ST -] welen] - e z
. L6 100F 2080 45] 30} LMO| M1 - e i
TP304/S04L ¥ 4-)/17 ¥ SCRIGS 2 - {7 EU5-0047 [ 331 j665 (83 | 8k | 12,6 PASSED | PASSED LU W) S My ) 6OLf 8% - 3
PROSUCT LODE: E5724 _ g
TP30E/3060 X 2° 4 SCHLDS 75 <L (s 36V [eds (55 | B8 0.7( PASSED |  PASKD R ENTRIT N S A T AT <
PRODUCT CODE: 15752 : . 3
TPIBR[30RL L 2-1/7" X SIS 4 - 818 GIO50507 320 [ B0 [ B3| 9.0% PASSED | PASSED Le] €l 138y | 20 s02]ims| - °
RRODUCT CODE: 15740 e .
TPROL/I0L X 3° ¥ SCRIOS 30 -] oase | 41mDeNn {3l abs 163 | 88| 7.6 | PASSER | PASSED EB| by t26f 29} b] Ije0dy -
FROOUCE CODE; 15748 .
TPROLJ304L £ &7 X SCHIOS 30 Y G40-0006 | 522 Jeal 54 | BB 5.5 PASSED | PASSED LA] a6 33 381 5] Boo) el -
PAOOUCT COGE: 15764 _
TPI06/30EL X 67 ¥ SORICS 8 - $52 | GHO-6D7 | 380 [oBL |83 | 87) 4.5 PASSED § PASSED 200 47| e esp 2% bo3umls) -
PROBUCT L0OE: 15796 P . |
TPS06/304L X 348" ¥ SCRAD3 15 - 7 00506 {280 804 {57 | BB 102} PASSEQ | PASSED 3.00 &) il o) t| biofsm| -
PRODYCT CODE: 15106 _
TPI0LI30AL X 1/2" ¥ STHAOS . 39 b405-0607 307 1652 152 | B8] 11| PASSED |  PASSED L5] (6] 137) 38} 2] 80218y -
PRODUCT CODE: I510% . ,
TRIOL/IOE X 1° X SCHACS 13 S 1.1 A10-0607 1330 (656 (58 | 87| 2.2 PASSER | PASSED 1) 6| a3y o8| 2| bo3| sstsi -
PRODT CODE: (5416 S .
TR30/304L X 3-4/4" % $THAOS 1 - B3| 46120607 | 277 fes7 (83 | 811 17.2) Phsse | #ASSED nLu| S0 tae) 3| 4y 80 LeLL) -
PRODUCT CO0E: 15120 . . . :
1PI0E/366L ¥ L-1f2° X SCHOS T - RBB Y ets-DSUL [359 (678 52 | E7D 15.9) PASIED | PASHD LEL S| 126] 27) &) smijiem -
PRODUCY CO0F: 15426
B | s gy, 0 DEGREE CELRIUS GuRiiEe .m_ iR
HOM RS = YL RIRENCELS
i 2 onaaionn
Lo A i %

KIDOCKIA- 2015
A subsidiary of FACH lidistries Incorporalet Borhad




SOZERT-JAMES SALES, G
THESETESTREPORTS APPLY T
4

PO D
AaErR

Manufacture's mark:  WaANT
FO0TA

kit ' iﬁ%ﬁ!ﬁf&amfessmssﬁpe SA312
&*Mﬁfsf)edﬁcaﬁan: AsmA37s-02MSA376 n

C e .
# ¥ /Materig: ASTM AS12ASME SA312—304I304L IR Grade Mgtaria)- DiRK HO.M_%
HLEY: EMiorkemanship - RlCold drawing v HeatNumber,  gasyrg

. v ) LT NO: 8Ny 850187
! R o r o n s F b s o s . N zn "

Filkg)

WAL M gy its: biigam g
A k#ﬁﬁ}t&(cmmicaf analysis:
w SiHeat No:

MATERIAL I8 EN f02ﬂ4~3.1 COMPLIANT
75 COMPLIANT MATERIAL |5 NACE MR0103.2003 COMPLIANT

v10.18.12 136/424




CERTIFIED MATERIAL REPORT

. R um A
—— Heat# 391025 1/

FELKER BROTHERS CORPORATION

22 TNUT

mg% USAAS‘;EMQ CERTIFIED DATE: 10/14/2009

{800) 828.2304

PRODUCT
Part Doscdpﬁon PIPE A312-304L 4 SCH10S
Primary Specification ASTMA21208
Gradde TP304/TP304L
Other Specifications ASME SA312 01 MIL-P-24691/3 NACE MRO 103

NACE MRO 175

CHEMICAL COMPOSIT ION
Carbon 023
Chromium 18.030
Copper .390
Manganese 1.350
Molybdarumn 240
Nicket 8,110
Nitrogon 040
Phosphorus 026
Siicon A50
Sulfor 013

MECHANICAL PROPERTIES .

“Elongation 2IN 830
Hardness ‘ RB 78
Tensie PSi 91700
Yield PS§ 35000

MANUFACTURER STEPS
Arvisal Temperature F 1900
Bend / Revorsa Berwt Test Pass
Corrosion Test A262 Practice £ Pass
Dimensional / Visus Pass
Eddy Curment - Weld - E426 Pass
Eddy Current - Full Body - E426 Pass
Etching Test - Weid Pass
Pickiing / Passivation ASTM A380 Yes

COMMENTS
Country of melt is UNITED STATES OF AMERICA
Manufacturad in USA
TPIN4TP304L, Dusl Con, Weided

memmmmmhhpmmnmhhwngdupmm

CERTIFICATION

ubmm&mammnmhmmdmm.
Wa cartly that thesa products conform to specifications fsted abova,

150 9001 Certiffad

DiN 50049 3,1/EN 10204 3.1

FAR BAA ‘

DFARS BAA Complies

FAR TAA Coimplies

Scott Martinek
Quality Manager

_viorsi2 1s7/42%
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CERTIFICATE NG & 9132379 (1} DATE @ 14/11/9008 m
(32)
CONTRACT NO 9107154 | m
MILL TEST REPORT  stirrer © KANZEN TETSU SDH BHD, | %
Kanzen Tetsu Sdn Bhd EN 10204 3.1 ‘ S
W%ﬂmwﬂw.wmawwwﬁml&ma Perusahaan - ORDER NO. GEOSEAN - | e
mmxmf.m: 23, 30708 Shah Alam, Selangor Daruf Ensan, Malaysia. , CUSTOMER : HERTT BRASS |
Tel: (603 5542 1400 Fax: (603 5541 9777 . 0 . ‘e . !
hitpfieww kanzenletse.com  e-mailt info@kanzen-tetsu.com ik Tarag PRODICT ; NELOED AUSIENETIC SYAINLESS STEEL- ) :
) SPECIFICATION PIPES ASTH AS127ASNE SA312108 ) m
. N o ﬁ.qm,_m_._v_w .aﬂm_.g, . ) . CHEMICAL COMPOSITION (%) .
SIZE QrY | LENGIH | weiGHT AT U Sy | Sanc %mo nwm%mﬁw Cls Ml P |stN | Mo .
: 208 K6s . s T e e PRACTICE £ TG I Ton s
i 705 1515 |38 T -] - -1 RO IR0B ] - wer
: : L5100 200 45| 30} 13002000 - |
TPSOL/30AL X t° X SCHUDS. 641 - 9833 {c1o-omit | 337 |s40 891 12,2 PASSED PASSED 261 467 1e6] 36| &t s02|1smmt -
FRODUCT KO, PSOLG
TPI0LII0E X 1° X SCREOS 259 . 3593 SC10-0B10 | 268 |607 |53 | 82| 17.2) PRSSED | PASSED Ly | @] 139 28] & 5001808 -
PRODUCT NO. PSOD16 _ ]
TPIDA/IML X 1-1/4° X SCHing i - 710 LE12-0810 1278 697 |55 | 82| 17.%2| PASSED | PASSED 2.0 ] 420 133 2% 3| so3|iiv] -
PRODYUCT HO. P5020 , _ .
TEROLSIML ¥ 1-1/4" X SCHIOS 86 - 1794 i412-0808 [ 27% (A1} 85 ¢ 82| 17.21 PASSED PASSED 230 W g 7 10 801 182 - g
FRUDYCT N0, P5020 .
TP30L/304L ¥ 1-1f2° X SCHiDS 12 - 553 6415-0810 | 284 1822 |52 | B2 15.91 PASSED | PASSED 2.2 3450 21 2| 812|183 -
ERODUCT MG, P50 i
TP3GA304L X 1-1/2 X 5CHEDS 178 “ 437 W15-0B1L 278 1627 (S0 | V9| 15.9| PASSED | PASSED 2.1 (91 1360 37 9| 4dn6|iml6} -
PRODUCY NO. P50%4 . ‘ , :
TPI0L/304L X 37 ¥ SCHEDS 10 - £958 L430-0810 | 34 607 |52 | B3} 13.1] PARSED PASSED 28| 451 L£3] 2] B| ebb7lser! -
PRODUCT ¥0. PSOLR
TPIOLFI0M, X% 4" X SCH{DS pe] - 2474 4440-0811 | 288 1602 (56 | 83| 11.0] PASSED PASSED 1.5 497 W3} 3} 3| aps!imig] -
PRODUCT XD, PSO6& _ E
TPIOL/304L X 17X SCHAOS 36 - 2011 CALTODBOT 1327 1662 151 1 84 17.%| PASSED | pAssED t U] 5 (84p 385 1| a0l |1s08) -
PRODUCT NO. 18716
TP304 /306l X t° ¥ SCRL0S % - 1213 £110-0810 | 327 [862 |50 | B4{ 17.2] PASSED | Passeb 0] 45 13| o 1] ao1)isom) -
PRODUCT Mg, 15716
TR3OL/I0L X 2° X SERIOS 97 - 2350 £120-6807 | 304 (646 - BS | 9.71 PASSED | raASstD 28 34 158) 32] &1 srt1se3] -
PREDULT §9. 15742 .
HEAT TREATIVENT : 1G53 DEGREE nﬂ..mmﬁ QUENCHED IN UAYER
NOTE: Y5 = ﬁmﬁcw_xmz.ﬂ.&..

A subsidiary of FACB Industr’ . sorporated Berhad
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CERTIFICATE NOY

CONTRALT NO

9132379 (1}

107154

DATE

1/11/70608

[ MILL TEST REPORT  stirer © KAMZEN TETSU SON BHD
Kanzen Tetsu Sdn Bhd EN 10204 3.1
Company tvo. 1908871 o ORDER NO, : O80IKAN
Mﬁﬁﬁ?ﬂﬂauﬂuﬂwv_.oﬂ M:ﬂﬂwﬁmﬂu ﬂﬂmwﬂﬂ.ﬂﬁﬂ:m Ehsan, Malaysia, CUSTOMER : KERTT BRASS
Tel: (603) 5542 1400 Fax: (603} 5541 9777 ’ R
htp e lanzen-tetsucom  e-mail info®kanzen-tetsu com T PROCUCT : WELOED AUSTENITIC STAINLESS STERL '
. SPECIFICATION PIPES ASTH A312/ASNE SA312N-08
e TFEMSILE TEST CHEMICAL COMPOS|TION (%)
TOTAL ThLIS QR HARDIHYDRO- | | CORROSION
SIZE QTY | LENGTH | WEIGHT zrmw W n NMM mwmmﬁn TeRG AT 8260 cisiim|[ Pis| Nl ol mo
ps K85 L R T S M PRACTICE E AL o0 700
WE (815 | 3% -1 - - - - | &OD{1sQ0! -
: 3.8 1 100 | 200 45¢ 30| 1300 | 2000 -
TPIOL/304L X 1% ¥ Scicns Bl - 9823 4010-0B1Y | 337 |40 B | 294 17.2] PASSED | PASSED 2.6 46 t66] I6; &) M2 |isn2| -
PRODUCT NO. PSDI6
TPIGL/304L X 17 X SCHEOS 254 - 3493 4410-0810 ~ 268 8407 |53 B2 | 17.2] PASSED PASSED 1.9 40| 13| 28 i 200} 1808 -
PRODUCT Ne. 13616
TPI0C/IDL X 414" X scHios i - 710 L612-0818 1278 1627 |55 | 82 ) 17.2] PASSER | PaAsSED 2.4 &2 133 28f 3| 03 |1gir| -
PRODUCT N0, PSD2D
TRIOLAI0EL X 1-1/47 X SCHEOS &6 - 17% L412-0808 | 275 613 |55 § 82| 17.2 PASSED PASSED 3| 36 1647 27 10 8011826 ~
FROBUCT WO, PSO20
PO/ ¥ -1/2° ¥ SCHMOS 122 - 5534 4415-0810 86 (622 152 821 15.9{ PASSED PASSED 2.2 37| 150: A 2 8Lzl -
FRODUCT X0. PRO24
TPI0LA30EL X 1-1/2" X SCHiD4 178 - 1437 LE15-0811 278|827 |50 71 15,91 PASSED PASSED 2.4 49 136) 37 9 806 ) 18161 -
PRODUCT NO. PS04
P304 /3040 K 3% X SCH4BS 100 - 6958 L430-0810 | 34& (507 |52 | B3| 13.11 PASSED PASSED 2.0 45| M43 1zl 8| sue|tepvy -
FRODUCT NO, PSOLS
TPI0L/I04L X &° X S5EHIOS ] - 27 4440-0811 288 |6BZ 5t | 43| {1.0| PASSED PASSED £ 9] W3 M 3} 8dog}iaraf -
PRODUCT NO. PS04 )
IPIDL/30LL X 1" ¥ SCHIDS 156 - piti 31 L110-0807 1327 |662 (51 | 8L 17.2} PASSED PASSED 2.0 &5 134 300 1t} aniftaps] -
PROBUCT N0, 18714
TP/ 300 ¥ 1° X SCHiGS %4 - 1213 £110-0810 327 1662 |51 | BU| 17.2] PASSED PASSED 2.t 65| 134 34 1] 801180871 -
PRODUCT K, (5716
TP304/304L X 2* X SCHIDS 97 - 2350 §120-0807 | 30% [646 - |50 | &5 1 9.7{ PASSED | PASSED 28 3) 158) 32l 6| &2t i1mdy -
FRODUCT WO, 15702

WOTE. ¥S5 -
IS w
EL =

HEAT TREATMENT :

1050 DEGREE CELSIUS QUENCHED TN WATER

VIELD SIRENGTH
TEMNSILE BFREMGTH
ELONGATION IN S0mm
fot AL, iy, %%

A suhsidiary of FACE industr

Torporated Burhad

il

T/OOCA N2 RY

fH
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CERTIFIED TEST REPORT K /)’{; 4 76 L/ | PAGE 1 ?&3&]

MANUFACTURER SHIP “TO
Schoellexr-Bleckmann Pipe & Tube Inc HOUSTON TX

5430 Brystone Drive 4732 DARIEN

suston TX77041 : HOUSTON TX77028
SHIP FROM MANUFACTURING PLANT
Schoeller-Bleckmann Schoeller-Bleckmann
Edelstahlrohr GmbH Edelstahlrohr GmbH
Rohrgtrasse 1 Rohrstrasse 1
Ternitz FF2630 Ternitz FF2630

HEAT # 041126

MCJUNKIN PO NUMBER 5012102450 PART # 6661-0535 LINE # 000001
SHIPPED 09/10/28
VENDOR ORDER NUMBER . 8502820
*-% SPECIFICATIONS *-#
SEE BELOW

Huk k% NOTES ok k LR

The material had been furnished in accordance

to the requirements.
WE CERTIFY THAT THIS MATERIAI HAS BEEN MANUFACTURED
AND EXAMINED IN ACCORDANCE WITH ALL REQUIREMENTS OF
THE SPECTFICATION BND ORDER CONFIRMATION AND THAT THE
RESULTS OF ALL EXAMINATIONS ARE ACCEPTABLE.

¥-%-% DESCRIPTION *-%-+#

TP304/L 2" NBXSCH 108

SEAML. STAINL. STEEL TUBES/PIPES

I
/'S GRADE A600, TP304/TP304L,

«tNISH CFD = COLD FINISHED, HEAT-TREATED, PICKLED,
TECHN. COND. ACC. - .
ASTM A312/A312M-06, ASTM A376/A376M-06,
ASME SECT.II PART.A SA312/8A312M-2007 ED.
ASME SECT.II PART.A SA376/SA376M 2007 ED.
NACE MRO175/IS0 15156-3: 2003, NACE MR0103- 2005
CORR. TEST TO MIL-P-24691/3 (ASTM A262 PCT.E)

, &ESPACE&
TOLERANCES ACC,
ASTM A999/A999M-04A,
ASME SECT.ITI PART.A SAS30/SAS30M-2007 ED.
RANDOM LENGTH

6.100 MM - 7.300 MM,

PLAIN ENDS

&SPACE&
INTERGR. CORR. THST ACC. TO ASTM A262 PRACT.E: SATISFACTORY

POSITIVE MATERIAL IDENTIFICATION TEST ON EACH TUBE/PIPE
BY "X-RAY-FLUORESCENCE-ANALYZER": SATISFACTORY
FLATTENING TEST: SATISFACTORY
SOLUTION ANNEALED AT 1070 C , 10 min ,
AIR
HYDROSTATIC TEST 96 BAR ,1400 PSI

*-%* CONTINUED *-%

Ji

>
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Page 2
4
CERTIFIED TEST REPORT PAGE 2

HEAT # 041126

ON EACH TUBE: SATISFACTORY

N "

MATERIAL IDENTIFICATION ON EACH PIPE: SATISFACTORY,,

rr

MATERIAL IS FREE OF MERCURY CONTAMINATION.,,

rr

NO WELD REPAIR HAS BEEN PERFORMED ON MATERIAL.,,
INTERGRANULAR CORROSION TEST ACC.TO ASTM A262 PRAC.E: O.X.,,
INTERGRANULAR CORRCSION TEST ACCORDING TO MIL-P-24691/3,,
(SENSITIZED 675 C (1250 ¥) / 1 HOUR / ATRCOOLED ):0.X.,,
THE TUBES CONFORM ALSO TO NACE STANDARD MRO175-2003/MRG103-2005
WE CERTIFY THAT THIS MATERIAL HAS BEEN MANUFACTURED,,

AND EXAMINED IN ACCORDANCE WITH ALI, REQUIREMENTS OF,,

THE SPECIFICATION AND ORDER CONFIRMATION AND THAT THE,,
RESULTS OF ALL EXAMINATIONS ARE ACCEPTAELE.,,

MARKING: SBS - ,,

DIMENSION - HEAT NO. - LOT NO. - SMLS,,

rr

STEELMAKING PROCESS: EF + AQOD,,

rr

ABBREVIATICNS:,,
RP0.2 = YIELD STRENGTH KG = GRAIN SIZE,,
RM = TENSILE STRENGTH CONVERSION:, ,
Az = ELONGATION 1 MPA = 1 N/MM = 145.037 PSI e
' CHEMISTRY
. C sI M P 8 CR Mo
0.013 0.32 1.59 0.026 0.002 18.15 0.17
NI C ST :
10.25 0.020 0.35
CHEMISTRY
MN P 8 CR - MO NI
1.58 0.025 0.005 18.66 0.18 1¢.49
: MECHANICAT,
Hardness Rockwell B ROCKWELL-B 74
ROCKWELL-B 73
Temperature TEMPERATURE 20 cc
Yield strength ASTM YIELD 268 MPa
Tengile strength TENSILE 589 MPa
Elongation ASTM ELONGATION 53 ¥
ELONGATION 53 %
Tensile strength TENSILE 574 MPa,
Yield strength ASTM YIELD 258 MPa
Temperature TEMPERATURE 20 cc
QUALITY ASSURANCE CONTACT Jogsef OFENBOECK

Schoeller-Bleckmann Pipe & Tube Inc

THIS INFORMATION WAS RECEIVED ELECTRONICALLY FROM THE MANUFACTURER IDENTIFTIED
ABOVE.

“%-% END OF REPORT *-*
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DELAFIELD Boo2

UUP L1410l PFAX BZ8 J58 7109

i,

PY: D2ag: # 0010

PN BLATE T " iy
o S
et [l

OmegaFlex Inc.

Hose Certificate of Conformance

——— L

o ————
:
. ..

DAYE RECENVED 511@{2908 - OMEGAFLEX Pa 302 SP{MOO

ALLOY 33 GAUGE‘ 00180 in.  WIDIH i 12.8300' In.
WASTERILOT TG [~ ilgdgs COIHOSE TAGH [ 306073

CHB-20G ™ SPECIFICATION REVISIONS (e

HEAY NUMBER gr-szms

WEIGHT’ 0.00 . Lbs, SPECIFICATION#

T

CHEMI STRY { WEIGHT PERCENT)

[+] lﬂ.azna Mn 'j 17700 P ,o.ozrg: -] Io.nnm\ 81 ]o.seon' Cr {17.5000' 1 ]g.aooo
Mo ’o.aom‘ Cy jo.auuu Co {ooouu ]omou ’ouwo A gonnou Fe 'q._qqgu':

]nnm' Mg aoonan cb {0 0000  Ta {0.0000° sn joue00. v :] o0000. W p.upﬁuoi
Py {00600 j,oqgu.a__

Mechanical and Physical Properties
i views 38300 T pa eLoneaTion [ 55 %

TENSILE [ 86500 psi

MARDNESS TESYTTYPE  JT5T Gramsize CY

HARDNESS TEST RESULT [86.0 7 CARBIDE RATING & WA sewpTesT REsuLr 7 ——
R M‘“—

CHEMICAL ANALYSIS AND MECHANICALS ARE TAKEN FROM THE RAW MATERIAL SUPPLIER'S TEST CERT IFICATE

Reviewed by [
Da._._.,tprl?.’»esﬁ Pa.

@
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PO&IS TS~ A -

i . NORTH AMERICAN STAINLESS
NAas) PBo-SS5 S o METALLURGICAL TEST REPORT GE70TICHWAY 43 A5
SSTOHIGHWAY 42 RAST 1o < - &2 )7 g m .
l'l.ll..lﬂ.'.llll.l! Hﬁm.m.u. G |mmmw.u O 3 X )
Certificatea: 447982 4 ALRO METALS SERVICE ER ﬂwo ummeH_m g oE ER ﬁ.\%rﬁ\cﬁm Date: 1/26/20009 Page: 1
. CUSTONMER PICKUD 'TOMER PBICKUP .
Customer: QOQB70 021 ?.0. BOX 764 ?.0. BOX 764 mrnmmnu_iwab, Steel: 304
821 SPERINGFIELD STREET .mNu.. SERINGFIEBLD STRERG Finigh: 28
DAYTON, OH 45401

Your Order: 6740178

\,,uﬁ.uoz.ompmpop
NAS Order: WN oocwm.pa 01

Corrosion: 28THM A262/02ag;1808Bend-0K

STAINLESS STEEYL COIL,C.R. ANNEALED & PICKLED; uNS 30400

ASTM Eboxomawpmo\omwahmmmx 03; ASME SaA240/67, SR480/07,84666/07

CHEM ONLY ON FOLLOWING ASTM: gqm\nmmﬁb.hdm\o.;_.-wh&h\am&.buHN\oq !

CEEM ONLY ON FOLLOWING ASME: SA312/07,82479/07 *
f
!

ERODUCT DESCRIPTTION: . _
[

AMS 55130 XMRK; MIL-S~5059D AMEND3 (X CROWN MEAS)

NACE MRO175/01, MRO103/07; QOSTE6D~A X MAG PERM

MIN. soLuTIonN ANNEAL TENP 1900F, WATER QUENCHED

iy
REMARKS :

Matrl is Free of Mercury Contamination. No weld rapairs,
EN 10204:2004 3.1; QOS763F Cond A; Rous Coempliant
Material isn Free of Radiocactive Contamination

NAS Steel Making Process: EAF, AOD, & Conk., Casting
Product Mfg.by a Quality Mgt.Sys. in Cong. w/I80 B00L1:2000

»Emwnmmmamﬂﬁmmﬂﬂﬁﬂwmwu.nwm cmwnzmﬂ.u.mmuwmhm Compliant
EN10204 3.1b ' ) .

;

!

“mﬂomﬁnn s Coil # Skid # Thickness Wigeh Weight #
i

Mark Pileces Commodity Code

044TR4 A .1163 48.0000 4,836

qﬁhﬁmﬂp A%

SHEETS 120.00 1 25 14816840

CHEMICAL ANALYSIS

Cli(Country of Meit) ES(Spain) US{United States} ZA{South-Africa) JP(Japan)

| .
HEAT oy c CR cu o Mo [ NI P 7 R
4TK4 us 0430 18,1220 .5035  1.5690 .Biss 0588  8.1355 .0315 0010
s
.2935
] .]u.u__r.\ L] hl....hufg! Comwﬂv
MECHANICAL PROPERTIES “ Whlakspo g
{ ) : ., i [ aw ) )
Product Ta#  ceil # o 1 Ums -2% YS ELONG Haxd  Tajl _ w AN e 2009
s ST ¥ %3 R mw . ALROSTEELMETAI | SECE -
044TK4 A8 04d4TRe a FT 93.86 45.58 51.20 85.50 83.00 _ qEs‘*=_=E%%%g‘E_%é_w_“_% g SUBJECT 10 ﬁmmmw Nsp
. ” , 3 NSP
| . RTB5549587 |
J
S hereby certifies that the analysis on this certification is correct and the - OF ENGTHNEER = 1/26/2
ial  ofs the specifications stated, )

ERIC HESS

V01812 143/424




VINOX CORPORATION

Phase !l Biock 5, Cavite Export Processing Zone Authority, PEZA,
Rosario, Gavite, Philippines 4106

TEL: +563-46-437-2995 ~ 98 FAX : +63-46-437-1027

MILL TEST REPORT
PURCHASER : SILBO INDUSTRIES, INC. DATE :  2009/04/20
., P.O.NO.: 08693
S/C NO.:  l4528IL
PRODUCT : STAINLESS STEEL BUTT WELD FITTING
HEATNO. |, QTY. DESIGNATION SPECIFICATION
gcct /] 359 304L/304 W 1* 90 ELBOW LR 10S ANSI 816.8-07
CHEMICAL ANALYSIS OF MATERIAL
HEATNO.| ¢ | Ma | Si p s Cr Ni Me | N | SPECIFICATION
Maxi 10.030 1200 | 1.00 | 0045 | 0030 | 18-20 | 8-13 0100  A/SA4O3/O7A
eBCC1 |0.0251 160 | 041 | 0020 | 0003 | 1830 | 810 0,044 | ASTM ASME WP-W
MECHANICAL CHARACTERISTICS
HEATNO. | T.SPSI | YS-PSI | %EL | %RA. | HEAT-TREAT. | DIMENSION | PMlL
Mini 70,000 | 25,000 30 1050-1150 °C
8BCCH 91200 | 41,400 52 1060  °C oK oK

MATERIAL RESISTANT TO INTERCRYSTALLINE CORROSION ICC TEST
ACCORDING TO ASTM A262 PRACTICE E. FREE FROM MERCURY
CONTAMINATION.MATERIAL IN ACCORDANCE WITH NACE MRO 175-2003,
MRO 103-2003 & MRO 103-2007 1SO 9001:2000, PED 97/23/EC
CERTIFIED.EN10204 3.1

§3460F

FACTORY INSPECTOR:

DWIN CAMPOS

QUALITY ASSURANCE DEPARTMENT
5M-005-0

Nifwo

(9

v10.18.12 1447/ 474




- ADDRESS: NO.50 Shenshen Road i
. mmmmwcmmdmm TEL: 8651252042266
MMMWCM mc FAX: 86-512-52842277
pracausgw;  STLBO INDUSTRIES, INC. page: 3 OF 7
suoprry: STAINLESS STEEL BUTT Changshu YungChia Hardware X 110
0 ' WELD PIPE FITTINGS E tegc tce Co.Ltd DATE: 2009.11.04
gs Enterprise Co.,Ltd. ORDEE NO.: (SO80808

MATERIALS:  ASTM A312 -2008

INSPECTION CERTIFICATE MFG. NO.: - FO-200908-006

SPEC : ASMB/ASTM A/SA403 072 WP304/304L -W CERTIFLNO.:  pQ-200908-005

ASME/ANS! B169 07 LC NO.:
S3790C; 150 9001:2000, NACE HRO-176/180 15156, RACE NRO103-2007, EN10204 a, 1B, PEDAT /23/2C PO 99314
SURFACE &

o DESCRIPTION Q'TY HEAT RA MATERIAL, \PPEARANCE DIMERSTION
| 08 | 90" ELBOW SR SCHU10S 3041, W 33 12 232300 GOo0p___ | GOOD
009 90" ELBOW SR_SCH 108 304L 24° 47 |oo7184200  |252300 GOOD___| GOOD
919 | 45" BLBOW LR 3CH 108 J04L 14" 75 loowpzavia _|vimun2 coop | Goop
1)} TER SCH 108 304L 4~ 40 1094069V08 L3101708 GOOD GOOD
012 TER SCH 108 304L. 1" 125_|oosi7av2l /| VLKoM0321 coop__ | Goop
013 RED-TEB_SCH 108 304L 1%° x 17 4 |07a846v61 | VLBIO186] gooD___| 000D
_E!ﬁ_ﬁ_—_gwwﬂ' 3 107A203V23 VL4102 GOOD | GOOD |
015 | RED-TEE,_SCH 108 3L 14" x ¥’ 7 _looag3sve7 | VLK020087 GooD__. | Goop
[ ol6 | REDTHE SCH 1053041 3"x 24° g 006186249 1250749 Ggop | Gooo
| g17 | RED-THR SCH10§ 3041 3" x WL 2 | 252300 gooD__ | GOOD
BEANTARD CHEMICAL COMPOSITION (%) PHYSICAL TENSILE PROPERTY (%)

] 8 Mo P B Ni Cr Mo TELD TERSOLE
STRINGTH | STRENOTH | ELONGATION

mEMNON.| MAX | MAX. | MAX. | MAX. | MAX. Wieem? Wil —

aoas0iL | 0.03s| 1.00 | 200 | o5 | 0030 | 841 | 1820} - 178 | 485 =0
%

008 00211 0390 144 | 0030] 0005 ) 8.10 | 18.17

ood 0021 | 0390 144 | 0.030 0.005 | 8.10 | 1817

010 o018 | 0440] 139 | 0.036] 0.007} 808 | 18.21

o1l 0.025] 0390] 144 | 0033 | 0.005 | 808 | 18.18

otz o017 ] 0.360] 1.45 | 0.031{ 0.010; 802 | 18.12

o1 o010 | 0400] 146 | 0029 | 0.011 | 815 | 1838

014 0030 | 0400] 1.47 | 0.037| 0005 | 8.0t | 18.22

015 0.024 | 0400] 1.48 | 0.039 0.002| 8.09 | 1806

o1 0035 | 0440] 135 | 0.040 | 0.00¢ [ 8.04 | 18.32

or? o021 | 0.390] 144 | 0030 | 0.005 | 8.10 | 18.17

REMARKS: HBAT TREATMENT AT 1060°C.(1940°F )220°C..
FOR 8 MINUTES MINIMUM TIMB AND WATER QUENCHED.
Free and ' conterination,

Material is Tee G 1
WE HERESY CERTIFT THAT THR MA 'RIAZ, DESCRIBED HEREIN HAS BEEN MADE
IN ACCORDANCE WITH THE ABOVE SPRCIFICATION AND ALSO WITH THE

CALLED FOR BY THE ABOVE ORDER AND 13 THAT WHICH HAB

REQUIREMENTS
BEEN TRSTED TO THE BATISPACTION oF THE mﬁPEﬂOR.
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08 FAX 6142946881

/2009 07

S A s 1B Su0 30k eae . Taugr

o
oA
@) SUNGKWANG BEND CO., LTD. o~
MATERIAL TEST & INSPECTION CERTIFICATE 117 SCACIORG-DONG. GANCSE0- K, DS, ot e
. |-Customer  sounivEsT sTAmNLESS ATLANTA TEL 8Z-C51-3300- 450 2
" According to FAX H2-051~3308-1315
e _ DIN 506049 3. % B/EN 10204 3. 1.B /150 10474 3. 1. B Daie of jssue: 2003/11/25
Job No, Spec. for Material Spec. for [nspection Emcﬂ & Dimension T 0. Zc _ fertilicate No,
T T TS AM03MeE04 73011 { ASME Bl15.9 T sarterAgtoRy T T BT 7S R — OCL-20031171819
r 00a/38ED S . ”
ﬁu_:_?nsam Na W‘_Nmm_.._..wmmqm Description . R ¢ . o w@..ﬁo f Quantity Heat Treatniwent
9-22°20 CAE B.W A 7S :mf T 225Eh ‘' BOLUTICY TREATED.
e e e e B e e e e ——— N - - : s - H T m“ |
Raw 7.prﬁi ?&5 wwﬁ Material eat /x.; E:.m Eom* :u 76 S ﬁﬁﬁ Hugmnm size N.D.E. .”..omc C_Hold 2OMIN. }
Posce | T T74877 _ T e T e e T -.l-lm:ﬁ. CHATER"
R N ML OO0 - ST TEST .Emom ~ » R N LY
/.f. ) Chemical Oon.tsm .owgmu - .?.:w;o ‘Test _mm:&nn Flatiea-| Hurdoe | Impane .n.mw.%om.-
AL T P3| BT RaT et ome 5 1 Test | talic
Cojos | oM P ios N | oorsl plavEE| % [ o5 || Tee | (um) Text
| apy (M . 8.00 15.00 5.0 {28.0 : H N
| Mac 0 035 [ 1 00 | 5000 YO 048 D.0301 11.00f 20,00 i G
0.02110.57 | 1.17 Vo 024 [ 0.004] 9 57 15 50, - 85.7 (350 "
WE CRITIEY THIS  MATUIRIAL HAS BEEN MANUFACTURED
ARD EXAMINED IN ACCORDANCH WITIf ALL REQUIRENMENSS Gf
TEL SPECIRCATION AR THE REBSULTS OF ALL EXAMINATION ;
ABE ACCIEPPABLY @.w»ﬁ«? ARAN/ Equz._, DIVISION
8/108 _ms._.n...,mm%- _. SRR hm.ﬂ.ws."m. -
1. GOEA . { e v w2 A T
11/2° " 6oEA o bt
} . S/408 : 3/4". 285EA :
i1 Reviewed B 1%, 25FA
m i Witnessed By 11/2", S0EA
., MANAGING DINE SCTOR
SKIE-8903 &) SUNGKWANG BEND CO., 11D,
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wo. Reo 21y

~ MATERIAL TEST & INSPECTION CERTIFICATE

(@) SUNGKWANG BEND CO,, LTD.(SKB)

N 1729, Songjeong-Dong, Gangseo-Ku, Busan Korea
CUSTOMER: MULTALLOY (P.O. NO: 706424 According to TEL : 82061-3300-450
PROJECTNAME:  NiA DIN 50049 3.9 F EN 10204 3.1 150 10474 2.5 FAX : B2-061-3300-335

e P hittp:Hwwweskbend.com
PURCHASE ORDERNO. | - BPEC. FOR MATERIAL ASTARASHIE ASAGTWPIOATYIALS ONMED CERTEICATE NO. QOLI00TTZ3618
PITJOBND, . N | SPEC, FORINSPECTION | ASME BIES DATE OF 1SSUE 2007.42.20
STARTHNG MATERIAL | FORGED MATL EKE.J0B NO. 20070511%0 WISUAL & DMENSION | SATISFACTORY
NG, SEGAINEATEMNO DESCRETION oY HEATNO. | MFaRNO. MILL RAKER PORICODEAG ¥D
m MCAP \ 5105 ~ 1 aW S5 SUS 10|\ 5200 CHANGWON STEEL
CHEMCAL CONPOSITIONTS) 1 - LADLE P': PROTKICT) TEMSLE VEST
Y5 [ L %A
. ATD. SPEC, [ 2 N P -1 w Cr o Ce ¥ ] L] N a W %a CE SPEC. xS "™ Y %
:mw.qv N w | nn Lo 20 50 Lo
N wax | oo | 100 | 200 | ooes [ oeoe | sao | 200w WAX
SE0 . L 1] . 138 | 000 | Q0 e /e 1 116 ni wa
P b
522320 |+~ L
[ W ']
BPACTIEST| ooy &2 oF ABSORBED ERERGY LATERAL EXPAKSION PERCENT SHEAR Yrminess My THER SOLUFION TREATED 1060T, 1., Waln™
. S0 STRL ST hvid THENT
HEAT RO TENP. | SPECAENma) ALE NE, VALUE AVE VARLE NE WX mo Ty P1.6000 - | WA
o HB | 155 FLATTENMIG YEST N ~UENO
52 HAZ BEROMG TEST | N
biidad HYOROSTATIC TEST | N
ot CORROSKONTEST | WA
HAZ ORAN SRETERT | NA
K e WCTEST  [NA
- MATERIAL MEETS THE REQUIREMENTS OF NACE MR-O1-75, WE CERTIFY THIS MATERIAL HAS BEEN MARUFACTURED AND EXAMINED IN ACCORDANCE WITH ALL
REQUIREMENTS OF THE SPECIFICATION AND THE RESULTS OF ALL EXAMINATION ARE ACCEPTABLE.
3
© REVIEWEDBY - T\““\‘N “&\A\
W T

© WITNESSED 8Y AT T DIV, SENIOR WANAGING DIRECTOR

SKE-#%03

@
v10.18.12 147/424 ~— °




R T:.u_u ._his
£ dm«._.._ﬁmww% D

R EAd4]

A bt by ot o R e bente i erion s

HEADQUARTERS: 27788781
X
1002 WA DR. MILL ORDER NO.
o Eg>znmm>mr_>p@, y .
PHONE412-482.2185 Pn m“M p E ORDER NG.
FAX: 412-482-4150 CERTIFICATS OF TEST s (ol (27 TRETASE 0
Do aw%ﬁhm,k@ Qw DATE SHIPPED 0732889
F ROBERT JANES ] F RDBERT JANES R0 wvmgm_w_awnw —
PO BOX 7998 2585 NALDEN AVENUE ASTM A312-88 ARD A 2-88
sotbro 2505 NALDEN AVE SrTe {4RIRO, YELDED
| BUFRALO, NY 14725-7999 NI T N NACE WRO-175 S3/KACE HRo-103 83
OTHER SPECIFICATIONS
FLAR FLAT FLAN 1EDDY, RBND | RFLY
M WE CERTIFY THAT THIS WATERIAL [5 FREE FRD
ADDITIONAL INFQ., KERCURY CONTANINATION & CONTINUSUS CARBIDE
RETHORK DURING 173 §__§am D  PROCESSING. DRIGHT AMMEALED
EN 18206 SEC. 3.1.8 COUNTRY OF MELT-USA/COUNTRY OF HFG.-USA
| e OBNPS  ASCH| HEATNo. | canson| manc. | pHos. lsuirun SIICON | oRoMIM| wickeL | Mol | corren | coar | Tt | N
G T 1Y ST T R 5 WISE3 16 | L35 [ las | w ke 8.18 B3 |
85 | 1eseaITeIEAL 1 A L AU W I i T e 8.18 RT3 A5 1.8
85 | TeeasTEEAL| g B 1 s yfome 1w L e | % heg 8.18 B a3
89 | TPsterTPILGL 1* W) amees )\ mg | 1o w2 e | a3 lgu 9.8 287 | M {53 ﬂa
BY | TP3L6/TP3IGL 1 WL hmS L oms f s | Len | w e w2 | 37 | 5
1[ : N
fEm nmmwzzwm axmmmfoﬁu ﬂm%mhaa ELONGANION qﬁumocxﬁwuﬁ :PE«%S& PIECES FOOTAGE
13 88 49,90 88,598 81 i} b 88
i5 BSG 18,208 68,588 513 B a8 195’
95 884 1,200 ’
b B3 M M« M“ WNN Mm M .w” ﬁ.w WE CERTIFY THAT qu_ o:mz_e.w
' . PHYSICAL OR MECHANICAL TEST
% J 45,860 &7, 888 571 b n 1538 REPORTED HEREIN ARE CORRECT
- . AS SHOWN ON oUuR RECORDS.
1S0/9001:2008 | [[ | i
BaA —Eannck eqrtify comp:
CERTIFIED T =p=s Dute /™
_ oﬂ..a Rosser

i L

ot ] . paad 4 ey

v10.1812 1487424




ENLIN STEEL CORPORA‘HON

MILL TEST REPORT

PURCHASER: H & 1§ MACHINE COMPANY, TNC.

DATE: Janf 16200

PURCHASE ORDER NO.
ENLIN  S§C  NO. AYIOHZH

FRODUCT ; STAINLESS STEEL BUTT WHLD FITTING

HEAT NO.} QTY TYFPE DESIGNATION SIZE SPECIFICATION
018! 89 | 304L7304 $-10 CAP 1 ANSL B16.9-93
CHEMICAL ANALYSIS OF MATERIAL
HEAT NO.| © Ma 8 P 8 Cr N Mo N | ° SPECIFICATION
Max 0035 | 2.00 100 | 0040 |0030 [18- 20 | 8- 11 AISAATA
0181 6ozt | 137 | o036 |oom |em2 |1836 [1038 ASTM ASME WP-W
MECHANICAL CHARACTERISTICS
HEAT NO.| T8.~PSI v§—PS | %-EL | %-RA HEAT—TREAT DIMENSION PM1
Mind 75,000 30,000 30 1050- 1150  ©
0181 27000 | 36,000 63 1060 U ok 0K
MATERIAL RESISTANT TO INTERCRYSTALLINE CORROSION ACCORDING TO
ASTM A263 PRACTICE E.
FREE FROM MERCURY CONTAMINATION.
MATERIAL IN ACCORDANCE WITH NACE MRO17584,
FACTORY INSPECTOR :
- 2
% J%i- vy
UQ
QUALITY® RSSURANRY sEpisivummm,.
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Tel: +63-46-4371036,37
+63-46-9710301

Fax: +63-46-4371038
+63-46-9710302

1. Commodity :
2. Purchaser :
3. Material ;

4. Specification :

SRS TR RRA A
TUN

G FONG INDUSTRIAL CO., INC.

Phase ITI, Lot 10 and 12, Block 19, OrderNo.: 98697
Philippine Economic Zone Authority, Ref Na, : I08-519-pr701
Rosaris, Cavite, Philippines Cert.No.! _101460-r

Date : -2009/05/08

Mill Test Certificate

STAINLESS STEEL B.W._PIPE FITTINGS

SILBO INDUSTRIES,_INC.

ASTM A240 STAINLESS STEEL PLATES

ASTM/ASME A/SA403WP-2003 ANS[ B16.9-2007 ANSI B16.25 WP304/304L-S

Description of Test
: Surface & . Pes Heat No. ipe Heal No.
)Dime sion | HYdrostatic| Flattening ?’p\

: 1:‘:" Order Size
.30, |Cap Wp-s  304/304L _sch10s 1" | Good |_NA 30 136378 i13
31, |cap Wp-g__304/304L _ sch10s_ 1-1/2" Good N/A 75 T36378 36378
a2, |cap wp-3_ 304/304L  schi0s o~ Good N/A 250 T36378 T36378
33. |cap wo-s  304/304L  schi0s  2.1/2" Good ' NIA 30 139308 139308
3 lcap WD-s  304/304L _ schiQs 3" - Good | _N/A 200 139308 139308
__ 35 |cap _Wp-s  304/304L  schi0s 5" | Good [ NA 50 1 Yuisa71g YU154719
38 lcap wp-s _ 304/304L  schi0s & Good | | NA 100 | _YU154718 YU154719
I Mechanical (Physicall Prepe l Chemical Property B
o L.Yieid Point_| Tepstle Strength Hardness | Elongation | ¢ | Ma | p T s S I N o ] me |
0. MPa | MPa | _HRB % % (x1000)] % (x100] % x10003] % (x1000)1% (190} | % | o | o ]
. 30. 2850 | 5990 | 679 885 | 21 | 177 [ 3 42 820 | 183p ) il
a1, 286.0 | 599.0 | 67.9 58.5 | 21 177 3 1 a 42 8.20 18.30
32, 288.0 | 599.0 67.9 58.5 21 177 o | 3 42 8.20 18.30 _
a3, 2800 | 801,0 65.0 54.0 24 125 2 | 2 490 812 | 1860
e 34, 289.0 601.0 65.0 54.0 24 125 29 [ 2 40 8.12 18,60 !
35, 280.7 6013 81.0 49.0 17 1 144 2 | s 4 | 835 | 1817 —]
36, 280.7 601.3 81.0 48.0 17 144 2 | s 41 | 825 18.17 |
205.0 515.0 90.0 40,0 30 200 45 30 100 8.00 18.00 "
Min Min Max Min Max Max Max Max Max 10.00 20.00 ]

THIS IS TO CERTIFY THAT ABOVE

PRODUCTS ARE IN CONFORMITY WITH

MECHANICAL{PHYSICAL) AND CHEMICAL PROPERTY INDICATED ABOVE,

THE FITTINGS CONFORM IN EVERY

WAY TO ASTM/ASME A/SA403 2003 WP304/304L

AND TO ANST B16.9-2007 ANSI B16.25 SPECIFICATION.

HEAT TREATMENT AT 1050 DEGREE CENTIGRADE AND WATER QUENCHED.
ALl GRADES OF THE MATERIAL HAS BEEN FURTHER VERIFIED TO BE
MERCURY FREE AND NO WELD REPAIRS WERE PERFORMED.

HARDNESS TQ NACE MRO175-2003

CORROSION ACCORDING TO ASTM/

AND NACE MR0103-2003 INTERCRYSTALLINE

TYPE E.

CERTIFIED ACCORDING TO EN10204/3.1.8.

PMY TESTED.
$3460E

TUNG FONG HAS ESTABLISHED A

TUV CERT. (01-100-089316) wITi

QMS ACCORDING TO ISO 9001, CERTIFIED BY
H PARTICULAR MATERIAL APPRAISAL

PER BVQI CERT, (CE-PED-PMA-TFIOO].-OS-TWN).
COUNTRY OF ORIGIN ON ALL PIP
INDICATED ABOVE IS TAIWAN.

" ORIGINAL

ES USED WITH HEAT NUMBERS AS

TUNG FONG INDUSTRIAL CO., INC,

NIWO @
Chief of Inspection Dept.

v10.18.12 1507424
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CERTIFICADO D TES‘IEDEI:TER!AL ) ::bﬁ%u(:m s
rspection Cartiicats 3.1/ Carilicade de lnspectio 3.1 Astyrance oy
265, 1o / aich DIN EN 10 204 / SO 10474 Gorantida de Ouahdads i
Pege Pagne (T F]
T On: 25,07.2007 i
[ Comicite Mo, | Cortlcada nv; | 1 B
Rawaion.  [Aovile |0 :
Firw: Olv Dfder. | Hodss oroam, | USADG0TS
BCHULZ USA INCG [Owr Nemy, | fomo e | §
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USA
[GuRel: | Nowarl: ] cooww
Companent / Produto
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Eﬂ'ﬁi‘??“'ﬁﬁ"w. | J*&wm »
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3 2000(E)
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Wakdrg hovwl | aximniiadn | ASWIE ENE 25 9000 Fig, 3w
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[ Seiviion viaaled | Tralniera TEMWIaD 1080 TC TH0 F VG fain reaivinco I A / rshindc o bous
Chamical Composition /| Compowigho guimics
[ Ninibuy Provews/ Tigc e Fandicio: WAOD |
Hoat § [+ T s [T [+
Joht:4 Mowt [~ UL 40 |00 J 00 | D [ Wy | Bi
Torape Teul | Enuniay Secinicon
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inapection Cartificate 3.7/ Cavtificade de inspagsio 3.1 Qualty Azsursnca

' Schutz America Lating
CERTIFICADC DE TESTE OE MATERIAL ' : Fabrics Cempos
oot 10/ nach GIN EN 10 204 715G 10474 Garsrids de Qualicade

——

Poge Pagew T3
e, Do 50,
Corflamio Ho. | Carthawdo A | 100033 ]
Rovipion; Revielao: [}

Mandantory Tesis / Testes padibes

Wi/ 8 Haicmiion | leomicesdo Brative fo Matedal (PMI) Thone ard ARGl (7 SpOICADH), MISRCETY
Matwial de Bine ¢ Mt de s0ids (38 aplicival):

winaut compleas f Sakefdrio

WWIMW-MW
rowon Raginencs / Reusibnets n Comorlio ASTMA ICE & Gatafsctory /Babishirie. l

il prat
ﬁummmmnmﬁmmm»mmm

[T Vool 58 s BOMNCH & Toc 008 CODPT Iy TErs 3l 1§ VAl WhOW SRERirs, ARMDRON 7 Uie L Oher Drdusis ma
m-“ﬂdmmﬁﬂhlﬂﬂhm

Esle cariilicadoiocumanio K Craso por mals aisirinios & por leso § vallt (e §3ENSANS. MOICECEER & UB0 DMK ST DYohAce ¢
{nheificando 8 ik & rengONaRrS petenie 3 et

Trd5 1 TO CERTIFY THAT THE CORTENT OF THE REPORT IS WMMWWMDMYMMYWTSW
OPERATIONS PERFORMED BY BCHAZ OR (V3 SUBCONTRACTORS ARE IN DOMPLANCE WITH THE MATERIAL
um:mmunwrwﬂammnmmmmrmwuﬂmnmmms WE
HEREDY CERTIFY THAT THE MATERIAL USED FOR PRODUCT FORM CONVERSION CONFGRME TO THE APPLICAM &
DIMENSIONAL REQUIREMENTS,

CovBRcanmus Gue 0 CoNIINI0 JIstE selpkinio seth cowei » confam com De resuiRdon Yo e § CRenscins letay pein Bohls ou 3uss
subruswising de wearda COM 9v capwcificachies fendes neate Coficuin. Cerificaman que o meterinf stonde o8 requissos des novmas
st agts § NI pire Dee Servo <ae condiclem ¢ epediaicies dy nomia.

26.07.2007 Décio Antonelii

™ AviPiditad inspection Reprewenistve
Owa Raprotaridute 08 napeglio aularxado

Vo . I Y R S R S CPCT IR, T e

i P el

m
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Purchaser:  SILRO INDUSTRIES,INC.
Order No: 95628/52280A

lovoice No:  ERH-067-2

131, No: SHUSAS18202

FLANGE FACES TO BE 125-250RMS

MILL'S CERTIFICATE

WUXI HUAAN FLANGES CO., LTD.

HUAXI VILLAGE,WUXI JTANGYIN CITY JIANGSU,P.R. CHINA 214421

ACCORDING TO ENI0204 3.1

Specification

PED 97/23/CC

For Muterial:  STAINLESS STEEL ASTM A/SA182 F304/ 304/1.
MANUFACTURE IS CERTIFIED [50 9001:2000

Specifications

m;.mwmomm

DATE:MAY I8 2007
Pape:1 OF 1
Certificate No.:070518

For Inspection: ANSI B16.5
SEC. Il PART .A {1989 ) IS09002 NACE MRO175-

MATERIAL TN NACE MRO 103-2004 COMPLIANT
o.Mz No. “Description ‘Quantity . [Visual Dimensional Bend Test Hardness [Magentic Particlc Examingt
Inspection Former (1.5) result 1800 |MAX 217
T FIANGE SORF 304/L 20" 150LBS 10 PCS GOOD GOOD 150 GOOD
2 FILANGE SORF 304/ 247 150LBS 175 PCS GOOD GOOD 147 GOGD
CHEMICAL COMPOSITION ( %) Tension | et )
SPECIFICATIONS Y5 ] T3 RA| EL|
C Si Mn P s Ni Cr N MPa % |
X000 [x 100 [x 100 [x 1000 | 1000 X 100 Fiateral Mantacior
Min 8 13 170 485 50 | 10
No. |Heat No.[Max 0 75 200 45 30 12 20 10
1 |ZT00%2 20 39 164 40 9 805 | 1815 ] 9 270 585 72 | 58
2 |ZTOoDg) 18 a7 182 40 12 8.06 18.25 b 270 1 70 | 58
HEAT TREATMENT c H NORMALING C H
c H SOLUTIONING 1040 ¥C H

WE HERE BY CERTIFY TIIAT THE FITTINGS LISTED
AS SPECIFCATIONS. THE ABOVE RESULTS OF TENS

TRUE AND CORRECT CORP OF THE, TEST CERTIFICATE 158

MERCURY FREE AND FREE FROM CONTAMINATION,

ABOVE WERE MANUFACTURED INSTRICT CONFORMITY WITH
ILE STRENGTH TESTS AND CIIEMICAL ANALYSIS ARE
UED BY THE MANUFACTURER OF THE MATERIAL..

MANAGER OF QUALITY

v10.18.12 153/ 424




- " SHUANG LI GROUP CQ.,LTD.

 Fax:86-21-67256660

A MILL TEST CERTIFICATE @ @ ORDER NUMBER: 98650 @
(ACCORDING TO EN 10204 3,18) — = 53460C
Incusie Sendce  Mananement Service Date: 2009/06/18
PYL N BER; ,

STAINLESS STEEL BUTT WELD FITTINGS OONFORMING WITH SA 403 WP-W/ASTM A 403-00B T304/304L OR T316/316L DIMENSIONAL TOLERANGES

Ondt o ] " : . e iad - Toperie Visual Hent | Hardness| sotergoama

o | Mo | Muterial - [Description ) Sao | Q| HeatNo clsi|{mi p S | M| o | Molm mﬂ.u._..zs o Blogeion | laspection Treatment| HB | Corusion

- Mo | e

I_[30ans  lscHioswr-oasoocar | 24 | BBO7005140.016} 0.37 | 1.28§ 0.022 1 0.002| 8.13 |18.17 720 13751 60 | Goop | coop | Goop GOCD | GOOD
2 ugﬁx SCHIOSCON RED 307X20" 10 | BBO70127 | 0.023] 0.51 | 1.82 | 0.025 0.002] 8.01 1158.05 615 | 3151 36 | coop GOOD | GOOD | GOOD| Goop
3 J3041-WX  |SCHIOSCONRED 30°X24" ¢_| BBO70127 | 0.023] 0.51.] 1.82 | 0.02610.002 £.01 :18.05 615 } 315 ]| 56 | GoOp GOOD | GooD | coon| coop
4 BO4L-WX  SCHIGS OONRED _ |30 4 | BB07012710.023] 0.51 | 1.82 | 0.026 {0.002 801 [18.05 615 | 315 | 356 GooR | Goon | Goon | coon! Goop
5 30ML-Wx  [SCHIOS EOCRED 307X 24" 6§ | BBO7C127 | 0.023] 0.5t | 1.82 | 0.026 ] 0.002 8.01 F13.05 615 | 3151 56 | coon | coop GOOP | GOOD | GOOD
6 [3oan-wx _wnmﬂommonwmu et 2 .| BBO7012710.023] 0,51 | 1.82{ 0.026 0.002} 8.01 {18.05 615 § 3151 56 GOOD | Goop | Good | coop! coon
7_lsoa-wx  {scHi0sECC Rem 367X 24" 2 18B8070127]0.023] 0.51 ] 1.82 | 0.026 | 0.002 2.01 | 1R.05 615 1 315 | 56 | Goob { Goop GOOD | GOOD| GOOD
8 |oenwx {SCHI08 ECC RED 36530~ 1.} BB07012710.023] 0.51 | 1.82 | 0.026 } 0.002 8.01 |18.05 615 | 315 56 GOOD | GooD | Goop | Goop! coop
S _poswx  [sceosLrooELBOW 207 2 { BBO70050 10.020] 0.40 | 1.31 ] 0.0201 0.001 B.18 | I18.30 660 | 340 | 49 i Goop GO0CD { GOOD | coon| Goop
10_[3o4n.wX  |sCHa0s LR 90 BLBOW 24 4 1 BB070090{0.0201 040 1.31 ] 0.620 [ 0.001 3.18 118.30 660 13401 49 | coop GOOD | GOOD | GOOD | GOOD
11 Jsoan-s SCHA0S CAP 0 5_| BB070090 [0.6201 040 | 1.31 { 0.020{0.001] 8,18 | 18.30 860 | 340 | 49 | coob | Goop | coop | coop GOOD
12 poss SCHA0S CAP 20 12 | BBO70090 10.020{ 0.40 | 1.31 § 0.020[0.001] 8.18 {1830 660 | 340 | 49 | coop | 6oop | Goop | Goop GOOD
13 bhosns SCHAOS CAP 24" 4 | BB070090 10.020] 0.40{ 1.31 | 0.020 0.001] 8,18 | 1830 660 | 340| 4 | goop GOOD | GOOD | GOOD| GOOD
4 BL-WX  [SCH40S CONRED 247X18" 2 | BBO70090 1 0.020{ 049§ 131} 0.020 0.001] 8.1% ] 18.30 660 13461 49 | Goop GOOD | GooD | coop| Goop
13 JoML-Wx  {sCHsos coNRED 2420 | 2 | BBO70090 {0.020} 0.40 | 1.3t | 0.020 {c.001 8.18 {18.30 660 | 340 ! 49 | Goop | Goop | Goop GOOD | GOOD
16 [304L-wx [SCH0S ECCRED 167X14" 2 ; BRO70090 | 0.020] 0.401 1.31 | 0.020 0.001% 8.18 | 18.30 660 | 3401 49 | Goop GOOD | GOoOD | Goob | Goop
17 pposrwx  {schéos ecc rep wxis” [ 2 {BB070090{0.020] 0.40 1 1.31 ] 0.020 ] 0.001 8.18 {18.30 660 | 340 | 49 | coob | Goon § Good | coop GOOD
18 pren-wx  |schios Cr 90 ELBOW 30° & _| BB070104]0.026¢ 0.50 | 1.42§ 0,025 0.003 10.19] 16.01]2.11 3% | 2401 65 | Goop | Goop GooD | Goop GOOD
19 29.5._2 SCHI0S 8/R 50 ELBOW 36 2 ) BBO70104 10.026] 6.60§ 1.42 | 0.025 0.003{ 103911508 |2.11] 590 | 2404 &5 GOOD | GoOD | Goop | coop GOOD
20 {3ssL- WX [scrios cap o 4 185070102 10.024] 0.50 | 1.34 | 0.014 ] 0.001{ 10.12| 1672|208} | 620 3851 49 | 6oop | coob | coop | coon! coop

REMARKS IMATERIAL 1S DUAL CERTIFIED, MANUFACTURED TO A/SA 403 WPW/WPS, izﬁﬁ?f«x?gggnmomwgg_ss MATERIAL IS NACE MR()-175 OOMPLIANT

MATERIAL IS NACE MROI03-2003 COMPLIANT. MATERIAL 15 z»z,._wﬁ:_umc MERCURY FREE. AND FREE FROM MERCURY CONTAMINATION,
MATERIAL IS EN10204.3.18 COMPLIANT. MATERIAL IS BED 992VEC CERTIFIED,
SHUANGLI GROUP CO, LTD,
ADD:NO.3566, TINWE] ROAD JINSHAN

DISTRICT,SHANGHAT,CHINA
Tel:86-21-67256666-8111 Tel:67256660

'v10.18.12 154 /424 _




. P Page: 1/]
SHUANG LI (GROUP) CO..LTD pu— OARICIMA]
R, e~ 7
o MILL TEST CERTIFICATE . _ 078
‘ (ACCORDING TO EN 10204 3.1B) J[52560A
. bruside Service  Managamant Service Date; 200711 187
STAINLESS STEEL BUTT WELD w_._..._._ZQw CONFORMING WTTH SA 403 WP-W/ASTM A 403-00B T3047304L OR T316/316L DIMENSIONAL TOLERANCES TO B16.9
CHEMICAL COMPOSITION{%) Machankest Propeyticy ,
i | Onder e . - ) Visal | Dimension]  Ilear | Hanfness{ twpriouiar
t Material Description Sire Heat No Timyl Yicld . "
[ | Mo |Na. ! Qry \ el slmal » PR RS Ti Jsmeme} py ......_..l... Tmapection | inspection | Treatmens | BB | Comor
; . o L .
1 4L, [SCHIOS CAP 24" 20 § Beoxe2) | vos | o 122 | 0029 foooz] 313 | 1ass 570 | mo b Ge0n §u GOGD | GOOD | Goop
JREMARKS IMATERIAL IS DUAL CERTIFIED. MANUFACTURED 10 AJSA 403 WS, MATERIAL WAS X-RAYED. MANUFACTURER 15 CERTIFIED, IS09001-2000. MATERIAL IS NACE MRO-175 COMPLIANT
F.,_.Zm_fr 15 NACE MRO103-2003 COMPLIANT. MATERIAL IS MANUFACTURED MERCURY FREE. AND FREC FROM MERCURY CONTAMINATION,

MATERIAL IS ENFO204-3 §B COMPLIANT MATERIAL IS PED 97ZY/EC CERTIFIED.

SHAMNGHAS SI{UANGLI {GROUP) COLTD.

ADD:NO.3566,TRNWE] ROAD JINSHAN

*  DISTRICT,SHANGHAICHINA

Tel:86-21-67256666-211 1 Tek£7256660

Fax:86-21-67256560

R S

v10.18.12 175




Shanghai Pufa Stainless Steel Pipe Factory

PUFA™

Premium Staintess Stee! Seambess Tubes

MILL TEST REPORY
[Purchaser:Robert-Jamses Sales, Inc. [Cestificate No.; 08-8-62

Enntrut No.:R.James P.O. No2AOI123 !Dlte of Issue: 2008.8.31
odity: Stainlees Steel Seamless Tubes Specifications: ASTM A213-07TWASME SA213-07WASTM A269-07a EAW

Process: Cold Drawn IWW:ODW(MOG:&)

Steet Grade Hoat Number [ 128 Dimesalons Quantity
/| Number Places Quantity (f)
TPIOWTPIONL | YX0806-410 ] 2" x 0.065" x 20 4 1080
Chesmsics] Ceampouition by Weight (%) T )
Elessent c Mn P s i Cr Ni Mo Co
Requirements weeos | <2me | <0.045 | %0.030] =1.00 [18.00-20.00 2.00-12.00
Cedlc Aaiysls | 0022 | 075 | 0034 [ 0001 | 041 | 18O 3.16
Product Analysls | 0027 | 070 | 0036 | o001 | 042 | 1839 $.32
Mochanical Proportios
Teat item Elongation (% in 2") 7"‘“‘”‘.’;‘“‘ (MPs) ““m Jan
Requirements #35 =518 =208
[Feu Rt T T 2701275
_._—#_"—-1?:?#‘ E—
et | e i | i [0 T | P | | e
Requirements HRBSN 21% =009
Test Results 678 Passod | Pmsed | Passed| OK
TestTem | Pddy Crrrent Test “""_"_‘:‘“‘ Ukrasoek (‘:"‘"o m"""’"r 87 | Macroscepic Inspoction
Requirements ASTM E 26 EndCutl Appesrance
Test Results Pamod ' oK oK
TS0 900112000 Certified by Moody Internetional 118763068 To Compiiance with EN 10204-3.1.8
Additional Remaris:

(1) Misserials is NACE MRO103-2003 complinnt
(2) Materinls is NACE MRO175-2003 complisnt
(3)Mst=rialsisl'ED91miECwﬁﬁed
(4)Tubumdpaﬁswmso-0h

(5) All tubes snnealed to above 1@&3Fﬂmw&dmmm¥h3m
(6) No weld repair performed

(7) Free from mercury contsmination
(s)nm.mmhmmmmamm
We hereby certify that this report is true and corrvect.

PUFA™ ©ossi % 6!

Shmughai Pufi Sisinbons Srel Pige Fautun
Mk (ADD) EISRNERZ TR KTE M) 20126t
No. 7, Hongye Rond, Wanggany Twon, New Pudong District, Shanghal, P.R. China

v10.18.12 1




Customer;

6870 HIGHWAY 42 RAST
Certificate; 481843 1

000570 039

Your Order: 69133712

METALLURGICAL TEST REPORT

Me1l To;

ALRO METALS SERVICE CENTRER

ALRO GROUP
P.O. BOX 27

JACKSON, M 49204-0927

CUSTOMER BIORUR

COLUNBUS 555 ROME HILLAWD
COLUNMBUS,

NAS Order: IN 0069483 01

NCRTH AMERICAN& TAINLESS
6870 HIGHWAY 42 EAST
@mﬁwz.ﬁ KY 41045
- Ship Tos N
ALRO METALS SERVICE CeNreR Date: 6/24/2009  rage:

Steel: 304L/304

Finigh: EQANGHRAP

CH 43323

PRODUCT

UMMOHHMHHDM.
hot rolleq,

annealed, plokled,
T5/04, asTy A479/0

Baual angles,

2 530400, F30403, asTy Az
+1B, ASNE Bad79/04

ASTH-A~484-068 niGLE oK
¢ Q08:763F; EN 10204 3

RE

Corrosion: agmm A262-02a PRACYTICE §.

MARXS :
—m AR D

Welted & Manufaotured in the USA. Produot Somplies w/ veguir
ementy of Ry &n.nnnwﬁwnnou.wm.ﬂo.womm.zwﬂmﬂu..mp Frea from Mer

BAS certifies thae analya

@ material mactg Bpacs st
ated.
ﬁ Product rq Skid # Thickness 8ima Weight orme-Lengthe - - Mark rigeas Commodity Code J
Gmmoq 0 -375p 3.0000 1,240 252.00 1 1 18084000 g
CHEMICSA L ANA LYSTg CM{Country of Melt) ES(Spain) US{United States) ZA(South Africa) JP{dapan)
Eﬁ_ c AL [ co CR L b Mo N NI
4HEL vs -0029 .0254 -1833  1g.27is -4593 1.7440 -5249 0605 8.1673
P s 8Y T
-0354 -0134 <3278 . 0044
EmnmsznWH wwOtheHmm
= —— v e
Froduct T o i uB 2Y5 urs gy 1 Y5 oxalic g1e.ge
e ¥ HNo. K& Kex % Ksx B/F 9%
VAG807 0 C L  237.00 71.69 106.85 67.56 82,35 1.00 41,22
ALRQ Q.mmcgm._ﬁ,_,.
. m#&&m&mm 16 |
NAS hereby certifies that the analysis on thig certification is correct and the QC ENGINEER = e 6/24/200.
materiai meets the specifications stated, : ..

ERIC HEgs

f4247
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N

_‘ f

Y13¥, |
JRTIFICATE OF TEST rage o1 otl o

Certification Dat

I1)

5-NOV-2009
CUSTOMER ORDER NUMBER EARLE M. JORGENSEN COMPANY Invoice Numbeyr
BC-3175 2060 ENTERPRISE PXRWY. TS50044 5
: P.O. BOX 970 :
CUSTOMER PART NUMBER TT“TINSBS%E(G OH 44087 :
522153
soLDTo: EDEN CRYOGENICS LLC SHIP TO: EDEN CRYOGENICS LLC
8449 RAUSCH DR 8449 RAUSCH DR
PLAIN CITY OH 43064 PLAIN CITY OH 43064
Description: 304/3045 HR ANN BAR ASTM A47G
1/2 X 4 X 12' R/L Line Total: 95.9646 LB
HEAT: 231105 ITEM: 522153
Specifications:
ASTM A276 08A . ASTM A479 08 ASME SA479 07
Q0 8 763 F AMS 5639 H AMS 5647 H
ASTM A370 09 ASTM A182 08A ASME SAl182 07
ASTM A320 08 . ASME SA320 07 ASTM A193 (8B
ASME SA193 07 AMS QQ S 763 B NACE MRO175 @3
‘ CHEMICAL ANALYSIS
c aT M CR MO cu NT co
0.03 0.52 1.45 18.0 0.54 0.68 8.1 0.09
= 8 N
3.029 0.029 0.081
RCPT: R833860
MILL : VALBRUNA STAINLESS (BUYOUT) COUNTRY OF ORIGIN : USA
MECHANICAL PROPERTIES ‘
YLD STR ULT TEN $ELONG $RED  HARDNESS
DESCRIPTION : KST KSI IN 02 IN IN AREA BHN
45,0 90.0 60.0 68.0 179

.-.___.._..._...____............_‘._—._...-.__——a....mu—-.-..__.-....a._—_-......__..-.-...-..———--.........-....._-—_..-__—.........—......-....-...

-——_...___.__...._—...-q,_.........-._-—.&u_......m-—_—_.....-.......-...—..___—.-.‘.--..--._—..._....._.-....__.___.—-.-...-.—...«.-._......__..

Material did not come in contact with merctry while in

) The sbove data were transeribed from the manufacturer’s Certificats of Test after verfication OUT POSSEssion.
for completeness and specification requiremants of the information on the certificate, All test JIM ROHN
results remaln on file subject to examinaton
We hereby certfy that the material covered by this report will meet the applicable requiretnerts Vs
described herein, inchuding any specification forming a part of the description.

Tie wiltful recording of false, fictitious, or fraudulent statements In connection with test results -
may be pupishable as & felony under federnl statres. Mmac%ﬁbqgwsﬁa A CF-




~PICOR " TUBELINE ~JUBETEC P71k 1M

nonm@uU- PE : CERTIFIED MATERIAL TEST REPORT ﬂg

BRITE LINE FLANGE DIVISION . | . *E e

_ £ DN 150901 3090
Jiangyin Shengda Brite Line Kasugai Flange Co., Ltd. . : ’

shashan Road, European Industrial Park
Zhouzhuang Town, Jiangyin City
P.R. China

[BL|BRITE LINE

. HEAT _ YIELD  TENSLE HARDNESS
DESGRIFTION GRADE _CoOH  * © _ S8 Ma P S N G M N __PSl P8l %ELONG Rs% HRE
14* 300 NF £0 FA047304L YTOS0122 1 D026 D4t 100 0038 OO0 510 1810 D07 40000 82,800 =8 65 14
2900 RF WN A0S F304306L  YTodoiz2 m 0026 041 €00 0008 D010 B840 1840 0078 40500 82,600 85 &8 14
247 180 BLD FI04B04L  YTB71244 .\ 1 0018 027 122 004 0016 812 1816 0088 42800 81400 59 e 1%
+ SYARTING MATERAL: 1.FORGING 2. PIPE WELDED WITHOUT FILLER METAL 2. PLATE 4.BAR 5, SEAMLESHPPE &, FILLER METAL

THESE BRITE LINE FLANGES HAVE BEEN FRODUCED IN ACCORDANCE WITH AND MEEY THE AEQUIREMENTS OF ASTM ATBZ-08, ASME SA182-08 AND ANSUASKIE B18.5-03.

THE MATERIAL WAS SOLUTION ANNEALED AT A MINIMUM OF 1900 DEGREES £ AND WATER QUENCHED. MADE W4 CHINA, 100% ML,

Tr3 MKTERIAL IS FREE FROM MERCURY CONTAMINATION, NOWELD REPAIR.  MEETS NACE MRO175/130 151444 AND MRO103-2005. REPORT 18 ACCORDANGE WITH EN 10204 3.1,
Wi CERTIFY THAT THE MATERIAL REPRESENTED 8y THIS DOSUMENT HAS BEEN ISPECTED AND TESTED, AND (3 1N CONFORMANCE WITH THE REQUIREMENTS OF THE REFERENCED
SPECIFICATIONS AND YOUR PURCHASE DRDER.

THIS REPORT 15 AUTHORIZED BY TIMGOTHY P. WARREN, VICE PRESDENT OF QUALITY ASSURANCE, CORE PIPE. REGISTERED 130 9001:2000.

v10.18.12 1597424




PHOENIX TUBE COMPANY,INC.

Manufacturer of Stainless Omamental and Structyral Tubing

l{—.‘.‘

CERTIFICATION OF TEST
Sold To: ALRO GROUP Ship To; ALRO GROUP
558 ROME-HILLIARD 555 ROME-HILLIARD
COLUMBUS, OH 43228 COLUMBUS, OH 43228
usa USA
Phone# 8787271 Ext:
CUSTOMER ORDER#: 7032589 "ORRER#: 201584
DATE SHIPPED: 10/05/08 QTY SHIPPED: 627.0
SIZE: 6" X 1/2" HRAP GRADE: 304 NOWELD: BAR
SOURCE: UsA B HEAT# SEX7
VENDOR: NAS TEST REPORT#: TRO08408
Spechication: Report Date: 08/09/09
CHEMISTRY THIS COLUMN:
ASTM A276-08 COND. A ASTM A262, PRACTICE B ASTM A240-09 TYPE 304
ASME SA276-08 COND, A CORROSION OK, HRAP ASME SA240-08 UNS# 30400
ASTM A473-08, S2.1 ASTM A484-08 MILS 50580 AMEND 3 ASTM ABBB-03
ASME SA478-08, 52,1 ASME SA484-08 ‘
QQ-5-763F, COND. A NO WELD REPAIR ASTM A480-08
QQ-5-7660, COND. A EN 10204 3.1.B ASME S5A480-09

MERCURY IS NOT USED BY LS AS AN ALLOYING MATERIAL NOR 18 METALLIC MERCURY HANDLED IN THE VICNITY
OF OUR PROCESSING LINES, WE ARE NOT PRESENTLY AWARE OF ANY MERCURY CONTAMINATION.
MATERIAL HAS BEEN HEATED TO A MINIMUM OF 1900 DEG. F AND IS SUBSEQUENTLY COOLED
’ RAPIDLY TO PREVENT CARBIDE PRECIPITATION.
Chemical Analysis

c MN P s sl CR NI Mo cu co Nz
045 1.58 02 .0010 a0 18.05 8.14 .05 .14 0 .08
Physical Analysls
YIELD TENSILE OTHER
Hardness P3t MPA PSl MPA Percent EL Percent RA
RB &1. 42770 0 85870 0 62. 68,
THE CHEMICAL ANALYSES ARE CORRECT AS CONTAINED IN QUR CORPORATE RECORDS.
PHYSICAL PROPERTIES ARE DETERMINED WHILE MATERIAL IS IN STRIF FORM.
Meited & Manufactured In the USA FAR BAA complies, DFARS BAA complies, FAR TAA complies
‘ 9»@1/1/{{ @14{& ALRO STEEL CORE
S,
‘ : CERTIFIED BY: INDIANAPCLIS
' O STEEL/METAL 1185 WIN DR BETHLEHEM, PA., 18017 - (810) 865-5337 NOV 0 3 .2009
RECEIVED
RT@ SUBJECT TO COUNT NP

v10.18.12 160 /424




CERTIFIED MATERIAL wsPORT - Page 1 of 1
CMTR SEARCH FELKER BROTHERS
RESULTS - CORPORATION
ICMTR.COM M . 22 NORTH CHESTNUT AVE
Heat# 482863 O = . g ome MARSHFIELD, W1 USA
REPORT BROS. CORE; (800) 826-2304
DATE: 4/26/2009 : NIWO
CUSTOMER NAME: FELKER Bmsgéfgmomnon. CERTIFIED DATE: 1/14/2009
PO LINE NUMBER: AP1157
PRODUCT
PART DESCRIFTION FIPE A312-304L 33 SCH105
PRIMARY SPECIFICATION  ASTM A312 08
GRADE TP304/TP304L
OTHER SPECIFICATIONS ~ ASME SA31201 NACE MRO175
CHEMICAL COMPOSITION
TestA
CARBON YT
CHROMIUM 18.200
COPPER 0.260
MANGANESE 1610
MOLYBDENUM 0.420
NICKEL 8.120
NITROGEN 0,070
PHOSPHORUS 0.027
SILCON 0.330
SULFUR 0.001
MECHANICAL PROPERTIES
ELONGATION-TRANS 21N 52
HARDNESS TEST RB 28
TENSILE STRENGTH P 91000
YIELD STRENGTH PS| 53000
MANUFACTURER STEPS
* COUNTRY OF MELT IS SWEDEN
* MANUFACTURED IN USA
* PED 07/23EC ANNEX1, PARA 4.3
“EN7645
BEND/REVERSE BEND TEST PASS
CORROSION TEST PASS
DIMENSIONALAVISUAL PASS
EDDY CURRENT - WELD - £426 PASS
ETCHING TEST PASS
HYDROSTATIC PRESSURE TEST PSI 00300
PICKLING/PASSIVATION YES
COMMENTS
TP304/TP304L ~WELDED ‘
DIN 50049 3.4 / EN 10204 3.1
FELKER BROTHERS CORP DOES NOT USE MERCURY IN THE PRODUCTION NOR THE TESTING OF ITS PRODUCTS.

SOLUTION ANNEALED AT 1900 F

CERTIFICATION
IT IS CERTIFI T ALL ARE CORRECT AS CONTAINED IN THE RECORDS OF THE COMPANY,
WE CERTIFY THAT THESE PRODUCTS CONFORM TO SPECIFICATIONS LISTED ABQVE.

ISC 9001 CERTIFIED.

SCOTT MARTINEK
QUALITY MANAGER

hitp://mtr.felkerbrothers.com/Customer_CMTR_Report.asp?crypt=%8C%AE%D1%CC%... 4f29/200h
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s T RAT
TUNG FONG INDUSTRIAL CO., INC.

ORIGINAL

THIS IS TO CERTIFY THAT ABOVE PRODUCTS ARE IN CONFORMITY WITH
MECHANICAL (PHYSICAL) AND CHEMICAL PROPERTY INDICATED ABOVE.

THE FITTINGS CONFORM IN EVERY WAY TO ASTM/ASME A/SA403 2003 wP304/304L

AND TO ANSI B16.9-2007 ANSI B16.25 SPECIFICATION.

HEAT TREATMENT AT 1050 DEGREE CENTIGRADE AND WATER QUENCHED.

ALL GRADES OF THE MATERIAL HAS BEEN FURTHER VERIFIED TO BE

MERCURY FREE AND NO WELD REPAIRS WERE PERFORMED.

HARDNESS TO NACE MRO175-2003 AND NACE MRO103-2003 INTERCRYSTALLINE
CORROSION ACCORDING TO ASTM/TYPE E,

CERTIFIED ACCORDING TO EN10204/3.1.8.

PMY TESTED. :

53460¢
TUNG FONG HAS ESTABLISHED A QM3 ACCORDING TO ISO 9001, CERTIFIED BY

TUV CERT.(01-100-089316) WITH PARTICULAR MATERIAL APPRAISAL
PER BYQI CERT. (CE-PED“PMA*TFIOOl-OS'TWN).
COUNTRY OF ORIGIN ON ALL PIPES USED WITH HEAT NUMBERS AS

INDICATED ABOVE IS TAIWAN.

Tel: +63-46-4371036,37 Phase III, Lot 10 and 12, Block 19, OrderNo.: _98692
+63-46-9710301 Philippine Economic Zone Authority, Ref.No.: T08-519-PI01
Fax: +63-46-4371038 Rosario, Cavite, Philippines Cert. No. : 101460Q-F
+63-46-9710302 Date : 2009/05/08
Mill Test Certificate
1. Commodity TAl W, PIPE NGS
2 . Purchaser: _SILBO INDUSTRIES, INC.
3, Material : ASTM A240 STAINLESS STEEL PLATES
4 . Specification : M Ad - 16.9-2007 ANSI B1 4/304L-
tam s H Deascription of Test
. No. Order Size : g’i”’:‘;"s’bi Hydrostatic| Flattening | P | HeatNo. i Pips Heat No.
30, [Cap wp-8__304/304L  schi0s 1% Good N/A 30 736378 T36378
31, [Ca __wp-s 3047304l schiOs 1-1/27 Good _NIA, 75 T36378
—.32. |Cap __wp-s 3047304l schiQs 27 Good N/A 250 138378 138378
33. {Cap wp-s 3047304l schi0s 2-1/2" Good N/A 30 139308 139308
24 [Cap wp-s 30473041 schiQs 3° Good N/A 200 139308 139308
35 (Cep __wp-s 304/204L schiQs &7 Good N/A 50 Y11454719 YU154719
36. |Cap wp-s_ 3043041 schi0s 6" Good N/A 100 | YUIS4719 | YUIS4719
e Mechanical (Physicall_ Properh 1 P
No. |—Yioid Point [ Tensile Strength | Hardness | Elongation c _Mn_ P 8 Si NI cr Mo
Lo T MPa | MPa HRB % % {X1000) % (x1000)] % (x1000)| % (100) 1 _ % % %
30 288.0 599.0 87.9 58.5 21 177 20 3 42 8.20 18.30
3, 286.0 5990 67.9 58.5 21 177 | 30 3 42 820 | 1830 |
32, 286.0 599.0 679 58.5 21 177 30 3 42 820 | 1830
33, 289.0 601.0 85.0 54.0 24 | 128 29 2 40 8.12 18,60
34, 289.0 601.0 65.0 54.0 24 125 29 2 40 [ 1880 |
T an 280.7 601.3 81,0 49.0 17 144 22 5 41 8,25 1817
3s. 280.7 801.3 81.0 49.0 17 144 22 s 41 8,25 18,17
205.0 515.0 90.0 40,0 K 200 a5 30 100 8.00 18.00
Min Min Max __Min Max Max | Max | Max | Mex | 1000 20.00

TUNG FONG INDUSTRIAL CO., INC.

NIWO

Chiaf of Inspection Dept.

v10.18.12 162/424




MILL TEST CERTIFICATE
(ACCORDING TO EN 10204 3.1B)

.;@.w

STAINLESS STEEL BUTT WELD FITTINGS CONFORMING WITH SA 403 WP-W/ASTM AJD3-00B T30473041, OR T316/316L DIMENSIONAL TOLERANCES TO B9

SHUANG LI(GROUP) CO.,.LTD

® e

kdustrie Sorace  Blanagenent Servea Dote; 200803/12

Pawes 11

ORDER NUMBER: 96577A
S2690E \

CHEMICAL COMPOSITION(%) Mechanical Propenties .
. Visual | Dimension] Heat fHardnos] lweomaniar
o | No. | M Drcapon See QWML T almm| P s | N | oMl o] Toieh Bhongaion | Irapociion | Imspecton | Trssrment HE' | Cosotion
Vo | dm )
t lneiw  {SCHIOS CONRED 21 | 20 | soossss | 0023 § 047 | 106 | 0oz {Doos | 10.16 § 16.24 | 208 35 | 265 | s coob | Goob | GOOD | GOOD mooun..
H.. 2 |303a.Wx |SCHIOS RED TEE Loy s ! BGOT40s f o023 ) 047 % 1281 0023 Jooor | 323 | 1818 ss5 f 2w | 4 | coop | Goop | GOOD | GoOD I GOGR
3 DosLwx  |sciios RepTEE 10X 10 | Booros ooz | os7] 135 Jomsjo007] 833 | ikis sss | 270 | 43 | coop | ooop | cooo |coob| Good
& o owx _mn_.:&nz. W 25 | onerooss [ o2 ] ods ] 12 § 0020 D007 ¢ A | 1808 s60 1 258 s coop | coop | coob § ooop | 6ooD
S 5 |aawx  jSCHI0S CAP e I - mﬁuﬁ 0022 046] 121 | vozo {oooz | s | 1208 se0 | 255 | st aoob | coop | coop | coop | GooD
¢ |J1si-Wx  |SCHIOS REDTEE 128" w | acorae | oo | oas| tos | 0028 | 0008} t0.48 § 1634 § 207 0 1 s ! 4 Y cooo | coob | Goop | Goop | Goob
7 [316A, SCH10S CAP r 100 | BBor0o0ds 1 oo2s | oas | vox | oox {ooom) 1045 | 16211206 515 | 0] s« | coop | coop | gooOn | GOOD |  GOOD
g lne SCHIGS CAP i so | nporooas | oo | oas] tos | oot foooa) 10as ] 16211206 15120 ] s« | coop | cogp | oooD } GOOR ) GOOD
9 41w {SCHAOS LRI ELDOW _-. o | soons loon loasi 1l oon foooe| is § 3347 ss0 | 235 | st coop | goop | oooD | GOOD ) GOOD
10 laoa.wx  |SCHADS LR 90 ELBOW hior w i pooyszr oon | ode] 107 | o022 to0e7] 816 3 1B s lmel #n coao | coop | coop | goop i GOOD
1 lsosn.wx__|scraos 1 R 50 ELBOW _ J12° 2 | scorszs {oonodas] 121§ ooey]ooos] sis | 1al ss | 7o} as | coop | coon | coop | ooon ) coop
1 Povi-w  [SCHACS LR ASELBOW I8 w0 | Boomes toon foeas] 122 [ ooz3 foooss a6 | a7 s0 | 355 ) & Goob | cocb | ooOD j GOOD | GOOD
13 [osr-wx  lscHesLR4sEtBOW 100 15 | voorsz [oo23joas ] torjoonziooar} 816 { 18M 15 | 260 | S coor | coop | coop | Goop | 000D
14 oW |SCHAOS TEE L3 1o | souriet fooas | oas] 122§ o3 joooe] s o 1R47 ssa | 1557 o coot | coop | coop | Goop | Goob
.Mp -15 3040, SCHADS CAP r sp | peows: Jooipjoss] 128 oot {ooo} BIT | 1893 o lwel s | coop | oo | Gooo | Goob | GoOOD
% 1 s frean.- {405 CAP 10 20 | sBoroes | oois | 046 ] 1ar | con {ooos| 236 | 183 so 1] 49 | coop | coop | ocoop | cooD |  Goow
T} e lsonissLR%0ELBOW  Jior s | noosws oo ) o4s| sos | ooz | 0008 | 1001 ] 1624 | 207 [ sa5 | 265 ] a8 | cooo | Goop | GOOD | GOOD ) GOOD
18 1o wx 403 LR QU ELBOW _ [12” 6 | Boorse joox oavf 124 | eon {0007 ] 1024 | 16581 206 s1s | 2551 4 | coop | coob | copp | coop | GOOD
=| .19 [ai6n SCHAOS CAF ™ 70 | peoroass | 007 42| 108 § 0072 {oo0x] 1017 L 16241 208 5635 | 260 st | coon | cooo | -coop | coop | GOOD
0 Bis _Etslnﬂ% her ts | soo7ooez $0019 b 049} 138 | ooae Jooos | rass ] 1638] 218 s 1 290 | ss | coop | coop | coop jcoop| GOOD
REMARKS Wﬁﬁﬁ.ﬁ DUAL CERTIFIED, MANUFACTURED TO ASA 403 WPSAWPWSL WPWX MATERIAL WAS X-RAVED. MANUFACTURER 1S CERTIRED IS09001-3000. MATERIAL i5 NACE MRO-175 COMPLIANT :
MATERIAL 1S NACE MRO103-2003 COMPLIANT, MATERIAL IS MANUFACTURED MERCURY FREE. AND FREE FROM MERCURY CONTAMINATION.
MATERZAL 1S EN10204-3, | B COMPLIANT, MATRRIAL IS PED 972VEC CERTIFIED,

SHANGHAL SHUANGLE (GROUP) CO.LTD.
ADD:ND. 3866, TINWEL ROADJINSHAN
IHSTRICT SHANGHALCHINA
Tel:86-21-67256666-B111 Ten6TY56600
Fax:B6.71-67236650

v10.18.12 163ﬁ




~ i

CERTIFIED MATERIAL REPORT

| THERS C - #391025 |
_FELKER BROTHERS CORPORATION _ Heat# 3910
ﬁmﬁemgﬁu CERTIFIED DATE: 10/13/2009
{800) 828-2304
PRODUCT
Part Description PIPE A312-304L 3 SCH10S
Primary SpecHication ASTM A31208
Grade TP304/TP 3041,
Other Specifications ASME SA312 01 MIL-P-24591/ 3 NACE MRO 102
NACE MRO 175

CHEMICAL COMPOSITION
Carbon 023

Chromium ) 18,030
Copper 390
Manganese 1.350
Molybdenum ' 240
Nickel : 8.110
Nitrogen 040
Phosphorus 028
Sikcon . 450
Sulfer 013
M__EQHAN!CAL PROPERTIES
Elongation 2iN 63.0
Hardness RB ’ 79
Tensile Psi . 91100
. Yield PSI . 35000
AANUFACTURER STEPS :
Anneal Tempesature F 1900
Bend / Reverse Bend Test Pass
Corrosion Test A262 Practice £ Pass
Dimensional / Visuat Pass
Eddy Cument - Weid - E426 Pass
Eddy Cusrent - Fult Body - E426 Pass
Etching Test - Weid Pass
Pickling  Passivation ASTM A380 Yes
COMMENTS

Country of melt is UNITED STATES OF AMERICA
Mardactured In USA

TP304/TP304L Dual Cert, Welded

Felker Brothers does not usa mercury In the production nor the testing of its products

CERTIFICATION

&ﬁmmalmm arecmectascoruhedlntr;;wdreoa'dsofmecompany.
e ase ucts conform to specifications above,

SO 9001 Certified

DIN 50049 3.1/EN 10204 3.1

FAR BAA

DFARS BAA

FAR TAA Complles

£ -

' Scott Martinek
Quality Manager

v10.18.12 164 424
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EIKER BROTHERS CORPORATION-E) ™roirsmacee™

v10.18.12 165/424

\ 0 9001 CERTIFIED Inspection Certificate
2 North Chestnut Avenue - Marshiield, Wisconsin 54449 See Additional Tests for Dual Certificaition oo
Telephone {715) 384-3121 - Fax (715) 387-6837 QJ
S ROBERT-JAMES SALER, INC. S ROPERT-JAMES SALES, INC. PAGE MO 1 ]
L !
D po BOX 7929 P o8RG WALDEN AVE ORDERNO. | 2448232
] T :
O BUFFALO 0 oUFFALO cUSLRONG. | ACI11B2
NY 142757999 NY 14225
DATE SHIPPED 4\0@\9&
LINE # DESCRIPTION HEAT NUMBER CARAON | WANG. | PHOS. | SULFUR |SILICON ICHROMIUM NICKFL NITROGEN WMoY |COPPER
3] pIPE A312-304L 10 SCHSS 371714 023l1.36] .029| .013| .54]18.13 g.171 .04 .256¢1 .27
5 PIPE A312-3041, 10 SCHSS 471243 L0222 11.407 .026 010] .45(18.13} B8.12} .04 221 .21
7 PIPE AR12-304L 12 SCH108 2B0267 023 |1.401 .028 L0131 .45 .15 .11t .pal 381 .38
7 PTIPE A312-304], 12 SCH106 280463 \”oww .36y .025 Toww o 46¥8.16 L1810 .04y .291 .48
111 P1PE A312-304L 20 5CH10S 712061 _020(1.48] .028 .003] .44|18.11 B.044% .07
11 PIPE A312-304L 20 SCH10S 717062 026 {1.46| .0291 .007| .4318.38 8.281 .05
14 PIPE A312-318L 18 5CH10S 3JH4 ‘023 l1.82] 031 .001} .B88]16.69 10.30 ) _042.11} .47
15 PIPE A312-316L 20 SCH108 715133 ‘on4i1.37| .032| 007 .3616.93 10.05| .03(2.08
L .
e 7 T TATDNESS] PO g [ | ADDITIONAL TESTS
= = ASTM Specification Revision Levels
5 |85 RB| 45100 | 994002 155.0 ABCDEFGHIJLQRUV A778 = 01 ATT4 = 08
3] a5 RB 45000 95000 |72 156.0 ARCDEFGHIJLQRUV A312 = 07 AA03 = O7
7 BH RB 48200 95000 |2 |55.0 ABCDEFGHIJLQRUV A2689 = 07 AZ249 = 07
7 79 RB 35840 85700 12 163.0 ABCDEFGHIJLAQRUV Felket Brothers Corp. tioes not use mexcury Inthe ;
it 872 RB 45000 88000 |2 |56.0 ABCDEFGHIJLQRUV production nor in the testing of its products. i
11 87 RB 44000 91000 |2 |B2.0 ABCDEFGHIJLORUV A
14 | me r8| 48840 91430}2 [46.0 ABCDEFGHTKLQRUV k _wsw%_a_w_uﬂﬁ:aﬁuw%ﬂnés&
15 A3 RB ABOOO 88000 |12 193.0 ARCDEFGHT KLARUV : n T
Kuﬁo:&.ﬂnuin
A. Solution Annealed 1900°F G, Etehing (Weld) M.Eddy Current - (Fult Body) EA26  5.100% Rradiographic Exam SA/AI1Z S5
B.Tension Teat H. Dimensional N. Flange Test T, 100% Radiographic Exam
C.Bend TestRev. Bend Test |, Visual O.Fiattening/Rev. Fiattening Test U. NACE MRO175
D.Hydrostatic Test J. 304/304L Dual Certification P SA403 V. PED 97/23/EC Annex1, Para 4.3
£.Pickle/Passivated A380 K. 316/316L. Dual Ceriification  Q.Corrosion - ASTM - A262 - Pass

- Secott Mart inek-Guality Manager
EEdc  rent- (Weld) EA25 L ASTM A 3TZASME SA 312 R.DIN'S50048 3.NEN 1020431 ¥ g




GKN Sinter Metals Filters GmbH, Dahlienstrate

43

Tel.: +49(0)2195 609 0
42477 Radevormwald Fax: +49(0)2195 609 48

Radevormwald
- ~— Garmany
« GKN SINTER METALS {(2) Eingangs- und Bearbeitungsvermnerke/Custumer remarks Lieferschein
Adyvice Note
{3} Nr/No,
Seite -1- 113190
. {4} Versanddalum/Shipping dete
Ship to: 25.01.2010
EDEN CRYOGENICS EDEN CRYQGENICS {5) Lieferarden-NriSoppller's Code
8445 RAUSCH DRIVE 8445 RAUSCH DRIVE
PLAIN CITY,CH 43064 PLAIN CITY,OH 43064 =
USA USA (614-873-3949) (6) Rechnung/nuolce-No-
USA USA 0
{9) DalunvDate
. 25.01.2010
Kunden-Nr/Customer's No.
147008
Bereich
130 90 99
{10} lhre Zeichen/Your ref, {11) Besteflung Nr., Datum/Your Order-No., Date {12} Unsera Abt/Our dept.  [{13) Hausruf  |{14) Unsera Auftrags-NrJ/Our Ref-No.
BC-3279 dated 10-Dec-2009 Katrin Vaupel 605-61 317725
175) Zusatzdat, des DastitgrsfAddgta  ~ [{167 Leferwuid/Supplier — - - v 1T versandontbehnhcEPlece of Shipment - o— o e - Ll
42477 Radevormwald
(19) Versandart/Type of dallvery frel (20} unfrel [{21) Verpackungsart/Packing * (22) Versendzelcher/Marks andg Nos
paid ! unpaid '

Frachibasis/Tarms of delivery {23) brutto/gross - GesamtgewichtWeilght - {24) netio/net {in kg)

DDP

(25) Versandanschrift (Warenempfénger)/Ship to address

(26) Abladestelle
Unigading focalion

Nachisferung/ Back Order

(27) [(28) Sachnummer {28} Bezeichnung der Liaferung (Laistung)yDelivery descriplion  [{30) Menge {31}
Pos. {Customer Parl-No. (21) Verpackungsart (Einzelheiten)/Packing details and Tag-No. * Quantity Einheit Menge
- Unit Cuantity
10 BC-02128-0057 :
3388050551503000 & 314.7/89x10mm SIKA-R 30 3,00 st 0
Sintered metal filters made of
stainless steel AIS| 316 L.
Diameter machined to size,with Hole
ace. to GKN-Dwg,dated on 04.11.09
+ Certificate 2.1
20 BC-02128-0058 .
3398050551503001 < 314.7x10mm SIKA-R 30 3,00 st 0
Sintered meta! filters made of
stainiess steel AISI 316 L
Diameter machined to size
+ Coertificate 2,1
30 :
500 Transport charges in USA 1,00 st 0
: County of Orgin: Fed.Rep.of Germany
\ ] o Weights: . net 8.723+10.620=20.343 kg / gross 26 kg
G Custorns Tariff No.:  8421.99.00.40 (US-Tariff-No.)
> AN Packing: 1 plywood-case, 5236x22 cm
Detivery: Federal Express, 25-Jan-10
Marks: FedEx Tracking No. 6210 9358 4839
EXPECTVORE
R |ty R T I L k-
1

.v10.18.12 166/ 424




GKN Sinter Metals Pillters GmbH Datum / Date : 27,01.1¢

Dahlienstr. 43

42477 Radevormwald

WERKSBESCHEINIGUNG EN 10204-2.1
CERTIFICATE OF COMPLIANCE WITH THE ORDER EN 10204-2.1
Serial No.: 317‘725“_10

zu Lieferanzeige Nr. / to Delivery Note No, :

Besteller / Purchaser : Eden Cryogernics
Bestell-Nr. / Purchaser no. : BC-3279
Artikel-Nr. / Part no, ¢ 3398050551503000-¢
Abmessung / Dimension : @314, 4/89%x10mm
WerkstoffHBezeichnung / Compound no, 11,4404

Norm / Spezification
Herstellerbezeichnung des WS / Supplier's compound : Filters of sintered metal

Liefermenge / Quantity i 3 pes.
Auftrags-Nr. / Order no, 1 317725-10

Lieferdatum / Delivery date P 22.01.10

Batch-Nr, / Batch no. :

Herstellerzeitraum / Prod. date

Prifberichts-Nr. / Inspecticn-Report=nao, T A317723_ 10

Kundenidentifikationsnummer / Customer identnr. ¢ BC-02128-0057

Eigenschaft Einheit Prifverf. {M,Typ|Nennm. /$Tp|0T oT Min./n.i.0|Max./i.0 M.Wert/Exrg,
characteristic unit inspect. |dtype|nom/s.size|ut 1t min./n,con|max, /con. mean/resuit
Material WNo.,: 1.4404 F1 1 0 1 i.¢
Material: X20rNiMol7-12-2 Fl A 1 0 1 1.0
GKN-Quality: SIKA-R 30 Fi A 1 [+ 1 1.0

Wir bestdtigen mit den oben aufgefilhrten Prifergebnissen aus der izufenden betrieblichen Prufung von Erzeugnissen aus
dem gleichen Werkstoff und der gleichen Herstellart wie die Lieferung selbst, dab die Lieferung den Vereinbarungean bei

der Bestellannahme entspricht,
We confirm with above mentioned inspection results on the ragular internal inspections of products made of the same

compound and production method as the delivery, that the delivery is in accordance with the agreements at the order

acceptance. .
OKN Sinter Moatals Fitars
H rereeaf

42477 Radevormwald, 22.,41.10 ;ﬁ%;;}}i or Prescha
Y

{Ort und Datum) (hd&;iky &aﬁur!ﬁt&?s \
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GKN Sint¥%r Metals Filters GmbY Datum / Date : 22.01.10

Dahlienstr, 43

42477 Radevormwald

WERKSBESCHEINIGUNG EN 10204-2.1
CERTIFICATE OF COMPLIANCE WITH THE ORDER EN 10204-2.1
Serial Ne.: 317725_20

zu Lieferanzeige Nr, / to Delivery Note No.

Besteller / Purchaser : Eden Cryogenics
Bestell-Nr, / Purchaser no. i BC-327%
Artikel-Nr. / Part no, t 339B050551503001-2
Abmessung / Dimension ¢ @314, 4%10mm
Werkstoff-Bezaichnung / Compound no, : 1.4404

HNorm / Spezification :
.
Herstellerbezeichnung des WS / Supplier's compound : Filters of sintered metal

Liefermenge / Quantity : 3 pes.
Auftrags-Nr, / Order no. t 317725-20

Lieferdatum / Delivery date ' 22.01,10

Batch-Nr. / Batch ne.

Herstellerzeitraum / Prod. date H

Prdfberichts-Nr. / Inspection<Report-no. + A317725_20

Kundenidentifikationsnummer / Customer identnr. : BC~-02128-0058

Eigenschaft Einheit Prifverf. |M.Typ|Nennm./STR]OT oT Min./n.i.0{Max,/1.0 M.Hert/Erg.
characteristic unit inspect. |dtype|nom/s.size ut 1t min./n.con|max. /con. mean/result
Material No.: 1,4404 F1 1 [ 1 i.0
Material: X2CrNiMol7-12-2 F1 A 1 _ ¢ 1 i.o
GKN-Quality: SIKA-R 30 Fl A 1 0 1 i.Q

Wir bestdtigen mit den oben aufgefilhrten Prifergebnissen aus der laufenden betrieblichen Priifung von Erzeugnissen aus
dem gleichen Werkstoff und der gleichen Herstellart wie die Lieferung selbst, daB die Lieferung den Vereinbarungen bei

der Bestellannahme entspricht,
We confirm with above mentioned inspection results on the regular internai lnspectlons of products made of the same

compound and production methed as the delivery, that the delivery is in accordance with the agreements at the order

acceptance.
AKN Sinter Meta#s Fliigrs T, ,

Frowal
412477 Radavormwald{ 22.01,10 1.4, Tai er Prgs £) q

(Ort und Datum) (Quaf}éy §ssérénce)
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MAcMASTER-CARR.

Aurora Industrial Parkway Eden Cryogenics Lic
aqora OH 44202 8445 Rausch Dr

1995-5500 Plain City OH 43064
‘ales@memaster.com .

Description Ordered Shipped

Purchase Order Pay.
BC-3344

McMaster-Carr Number 01/06/2010
5596337-01

33045T81 Type 304 Stainless Steel Eyebolt for Lifting, with 9
Shaulder, 3/8"-16 Thread, 1300# Work Load Limit, Each
1-1/4" L Thread ’

90298AS597 18-8 Stainless Steel Shoulder Screw, 5/16" . - 12

O O

Shoulder Diameter, 3-1/2* Shoulder L, 1/4"-20 Each
Thread

62 - 319 -01 T%

3

) " | i
@ 1 < 582 T2

Shipped separately from our Cleveland warehouse on 01/06

00298A597 18-8 Stainless Stee! Shoulder Screw, 5/16" 12
Shoulder Diameter, 3-1/2" Shoulder L, 1/4"-20 Each
Thread .

9663K56  Type 302 Stainless Steel Continuous Length 4

Compression Spring, 20" Length, .375" OD, . Packs
.032" Wire Diameter .

91187A548 ASTM A193 Grade B8 Stainless Steel Fully 7 5
Threaded, Rod, 1/2"-13 Thread, 3' Length Packs

D00

Certificate of compliance .,

This is to certify that the above items were supplied in accordance with the description and as illustrated in the catalog.

Eden Cryogenics Llc

Assembly
Area

1

Cycle ' ) -

45

Shelf

-

$5-R-0707

o

Jason Wolfe
Compliance Manager

21
2 line

EW1BSFAE
01/06/2010
14:03/14:15
277

i
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AcMASTER-CARR.

"yra Industrial Parkway Eden Cryogenics Lic
H 44202 8445 Rausch Dr
- . .-5500 Plain City OH 43064 .

sales@momaster.com

' Description

Ordered Shipped

90298A597 18-8 Stainless Steel Shoulder Screw, 5/16".
Shoulder Diameter, 3-1/2" Shoulder L, 1/4"-20

Thread

9663K56 Type 302 Stainless Steel Continuous Length
Cormpression Spring, 20" Length, 375" 0D,
032" Wire Diameter, Packs of 1

91187A548 ASTM A193 Grade B8 Stainless Steel Fulty

Threaded, Rod, 1/2"-13 Thread, 3’ Length, Packs

of 1

12
Each

o5

@,

ipped separately from our Chicago warehouse on 01/06

33045T81 Type 304 Stainless Steel Eyebolt for Lifting, with
Shoulder, 3/8"-16 Thread, 1300# Work Load Limit,

. 1-1/4" L Thread
"198A597 18-8 Stainless Steel Shoulder Screw, 5/16"

Ce Shoulder Diameter, 3-1/2" Shouider L, 1/4"-20
Thread h

len Cryogenics Lic

Each

12
Each

Purchase Order

Page 10of 2

gsembly
Area

36

Cycle

48

Sheif

503

cuments

3

BC-3344
MeMaster-Carr Number 01/06/2010
5596337-02
ABS
2 - 692 -08 |21 - 79|A597 [5EA 2
3 - 512 3
- 49 4
? tbs
3lines
FWIWBP25
01/04/2010
14.03/14:32
033

~v10.18,

5643

i

1721424




Purchase Crder Page 2 of 2

BC-3344
arora Industrial Parkway Eden Cryogenics Lic McMaster-Carr Number 010612010
H 44202 8445 Rausch Or 5596337-02

J=5.w~5500 Plain City OH- 43064
2. sales@memaster.com

ertificate of comnpliance

his is to certify that the above iterns were supplied in accordance with the description and as illustrated in the catalog.
Wath

Jason Wolfe
Compliance Manager

et
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o

. =8 fige - £ /78 #=  purcnase videl -
A% @ o * ® BC-3364
Aurora Industrial Parkway Eden Cryogenics Lic McMaster-Carr Number 01/13/2010
ora OH 44202 8445 Rausch Dr 5817366-01
-~ 7 .895-5500 Plain City OH 43064
e os@memaster.com
Lina Description Ordered Shipped : _ ,~ A84
/v 4484K221 Type 304 Stainless Steel Thread Pipe Fitting, 1/8" 3° 3 . [: 3
Siee Size, 5/8" OD, Half Coupting, 1000 PSI, 172 Each 2 - 266 -03 (05-411K221  3EA !
L
063K31 Brass Air Tank Vaive, 1/8" NPT, 1-6/18" Overail 3.7 3 | 5314 { ==
Length Each \ z
/ o~ |
4 5033K32  Extreme-Temperature Tubing Made with Teflon(r) a0 40 | 4 _ 93 -
PTEE, 3/16" ID, 5/18" OD, 116" Wall, Feet 3
Semi-Clear White
7
"2 98390A461 Plain Steel Taper Pin, #9 X 8" L, .691" Large End 4&-4/ 4 3 - 326 ;
Diameter, 466" Small End Diameter, Packs of 1 Packs
Cerfificate of compliance
This is to certify that the above items were supplied in accordance with the description and as iflustrated in the catalog.
“y Whth
Jason Wolfe
Compliance Manager
Edsn Cryogenics Li¢
Assembly h
Area
Cycle
o
22
e
Shelf
401 \ 4
40
J FW1BSF
Documents g;l;j;’lzé
207

4

i
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. Purchase Order Page 1of 1
-] o BC-3352

ALV

wrora tndustrial Parkway Eden Cryogenics Llc MeMaster-Carr Number 01072010
ora OH 44202 8445 Rausch Dr 5618505-1
"93-5500 Plain City OH 43064
¢ es@mermastercom -
ine Description Ordered Shipped
510A763 Aluminum Unthreaded Round Spacer, 1/2" OD, 360 360 . - l“___—:
5/16" Length, 1/4" Screw Size Each 2-117 -0z |04 50.

1 - 324 2

T T SN e Fach

Certificate of compliance

This is to certify that the above items were supplied in accordance with the description and as iflustrated in the catalog,

Wi

Jason Wolfe
Compliance Mapager

A
:I:
Eden Cryogenics Lic
Assembly Tt P e e — et e ¢ et o
Area e
Cycle
13|
|
Shelf
5 21bs
o 2 lines
i
locuments B ’ FWIBSP1?
01/07/2010
2 07.45/08.12
494

D DA7 290501 7L

AL SR AT T
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COLUMBUS FASTENERS CORP.

Date: April 26, 2010

Purchaser: Eden Cryogenics, LLC
8445 Rausch Drive
Plain City, Oh 43064

To Whom it May Concern:

It is hereby certified that ali the articles in the quantities as called for in the Purchase Order #
designated below and issued by you on the date listed below are in conformance with the

requirements, specifications and drawings listed on that order. ' . :
Additionally, articles called for in this Purchase Order are in conformance with applicable

industrial Fastener Institute specifications.

Purchase Order Numbers: B(C-37865

Date of Purchase Qrder: 04/26/10

Columbus Fasteners Corp.

By: Aﬁféé%

Dayd I Hill

1150 Chesapeake Ave, Columbus, OH 43212 Phone 614-488-6670 Fax 614-486-2485

_________________________ e e e e . .....v10.18.12 177424




p Pick List: 384541 ' Order Number: M485372 Created: ../11/2010 6:51:0

l./alln -

ORDER INFORMATION . |

Dalivery Address: EDEN CRYOGENICS LLC
8445 RAUSCH DRIVE
PLAIN CITY, OH 43064

UNITED STATES .
Delivery Site: MDC VACUUM PRODUCTS
Terms of Delivery; COLLECT 28F3A6
Ship Via: UPS COLLECT
PO Nurmlter: BC-3348
Route id:
Farward Agent:
Label Note;

Qur Reference: LINDA COOPER

614-873-3949 { 614-873-5925

Certificate of Conformance

This is to certify that the material referenced on the above PO and listed

on the attached pick list were manufactured to the customer's
requirements or to MDC's internal drawing and specifications.

3

Materials used in the production of this order are certified as

new and not counterfeit. Any deviation to specifications has been authorized by the
customer.

MDC Vacuum Products is an ISQ 9001:2008 registered company. Key elements of our fully i
our Quality Manual, Quality Policy, Product Objectives, Process Measurements, Design Capability and Validation

Travelers, Corrective / Preventive Action System, Nonconforming Material System, Calibration, First Article / First Piece / CNC: Program
Qualification Process, Internal Audits, and Sub-Supplier Program,

Quality Management Contacts:

MDC, VPD, Hayward, CA {510) 265-3500
MDC, ISI, Sarasota, FL (94 1) 751-2880
MBC, S8D, San Jose, CA (408) 350-0244

Report: Pick List for Customer Drder IFs Applications " Poge
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iUl INUITIDEFR: _Sam_muwm

M ORDER INFORMATION

Dellvery Address: EDEN CRYOGEN!ICS LLC
8445 RAUSCH DRIVE
PLAIN CITY, OH 43064
UNITED STATES

Dedivery Site: MDC VACUUM PRODUCTS

Terms of Delivery: COLLECT 28F3A6

Ship Via: UPS COLLECT

PO Number; BC-3348

Route id: '

Forward Agent:

Labal Note:

Our Refererce: LINDA COOPER

614-873-3949 f 614-873.6925

Certificate of Conformance

This is to certify that the matenial referenced on the above PO
requirements or to MDC's internal drawing and specifications.

customer,

MDC Vacuum Products is an 150 9001:2008 registered company.
our Quality Manual, Quality Policy, Product Objectives, Process Measurements

Travelers, Corrective / Preventive Action System, Nonconforming Materiaf System, Calibration,
Qualification Process, Intemal Audits, and Sub-Supplier Program. _

~ Quality Management Contacts:
MDC, vPD, Hayward, CcaA (510) 265-3500

MDC, ISL, * Sarasota, FL (941) 751.2380
MDC, SSD, San Jose, CA (408) 350.0244

——

—————
eport: Plek List for Custo

mer Order

Created: 0107 01,

——

e ——————

————

FPage
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Pick List: 386747 - Order Number: M485372 Created: 01/281

ORDER INFORMATION .
N
<
Delivery Address: EDEN CRYOGENICS LLC W w
8445 RAUSCH DRIVE -
PLAIN CITY, OH 43064 o
UNITED STATES m
Delivery Site: MDC VACUUM PRODUCTS g
Terms of Delivery: COLLECT 28F3A8
Ship Via: UPS COLLECT _
PO Number: BC-3348
Roufe Id:
Forward Agent:
Label Note:
Our Reference: LINDA COOPER

614-873-3949 { 614-873-6925

Certificate of Conformance

This is fo nnﬁw@ that the material referenced on the above PO and listed on the attached pick list were manufactured to the customer's
requirements or to MDC's internal drawing and specifications.

Materials used in the production of this order are certified as new and not counterfeit. Any deviation to specifications has been authorized by the
customer.

MDC Vacuum Products is an ISO 9001:2008 registered company. Key elements of our fully implemented Quality Management System include
our Quality Manual, Quality Policy, Product Objectives, Process Measurements, Design Capability and Validation, detailed production Process

Travelers, Corrective / Preventive Action System, Nonconforming Material System, Calibration, First Article / First Piece / CNC Program
Quatlification Process, Internal Audits, and Sub-Supplier Program.”

o

Quality Management Contacts:

MDC, VPD, Hayward, CA (510) 265-3500
MDC, ISI, Sarasota, EL (941} 751-2880
MDC, SSD, San Jose, CA (408) 350-0244

Report: Pick List for Custormer Qrder

IFS Applications



zﬁﬁﬁbﬁ}ﬁ . PaCki‘l‘lg List Date: 156-Jan-10

Customer No: $5691.01

Charleston Valve and Fitting Co,
P.O. Box 8656, 507 1st Ave. . Page: 10f1
«  Jdestenlle, OH 43082 South Charleston, W. Va. 25303

{614) 212-7766 (304) 744-3461

(614) 212-7767 fax (304) 744-1453 fax
www.swagelok,com/scioto www.swagelok.com/charieston

scioto Valve and Fitting Co.
N0 Hoff Rd. Suite M

Bill To: EDEN CRYOGENICS, LLC Ship To: EDEN CRYOGENICS, LLC
8445 RAUSCH DRIVE ' 8445 RAUSCH DRIVE

ATTN: ACCOUNTS PAYABLE _ PLAIN CITY, OH, 43064
PLAIN CITY, OH, 43064 :

- | 7
PO Number: BC-3349 Order No: 0001076555 Shipment Method !
Order Date:  7-Jan-10 Entered By: Michae! UPS
Cust, Contact: A. DIMASSO Proposal No: 053753 e e
H i T —— =
L ’ ' Qty Qty Qty i
; v | Line Description Location | Ordered | Shipped B/O Unit Price Arngunt J‘
053753 1 | §S-16-VCR-1 2 2 0 |
I Female VCR Nut, 1" JE
| !
S . - — - . - . !
: } [
! !
X i
L
| - | |
‘ | CUSTOMER REQUIRES C OF C J
: ON ALL. ORDERS i i |
A |
Order Picked By: Order Shipped By: Subtotal ir
n - - —
* Customer Notified By: Date: Freight f
. ' ' A f |
‘ms Received By: Date: §
: 1 ' !
COMPLETE All claims and shortages must be reparted within 10 days after receipt of shipment.

Returns require prior authorization and are subject to 3 20% restocking charge.
Factory special and custom canfigured items are non-cancelable and ron-returnable.

v10.18.12 181/424




FONTS

Jto Valve and Fitting Co.
3 Hoff Rd. Suite M
asterville, OH 43082

(614) 212-7766
{614) 212-7767 fax

www.swagelok.com/scioto

Packing List

Charleston Vatve and Fitting Co.
P.O. Box 8656, 507 1st Ave.
South Charleston, W. Va. 25303
(304) 744-3461
(304) 744-1453 fax -
www.swagelok.com/charleston

Date:

Customer No:

Page:

EDEN CRYOGENICS, LLC

12-Jan-10

$5691.01

10f1

PARTIAL

All claims and shortages must be reported within 10 days after receipt of shipment.

Returns require prior authorization and are subject ta a 20% restocking charge.

Factory special and custom configured items are non-cancelable and non-returnable.
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Bill To: EDEN CRYOGENICS, LLC Ship To:
8445 RAUSCH DRIVE 8445 RAUSCH DRIVE
ATTN: ACCOUNTS PAYABLE PLAIN CITY, GH 43064
PLAIN CITY, OH 43064
|
PO Number: BC-3349 Order No: 0001076555 Shipment Method !
|
Order Date:  7-Jan-10 Entered By:  Michael UPS '
Cust. Contact: A, DIMASSO Proposal No: (53625
. [ ' ; —
[ Qy | ay | Qy
| W i Line Description Location | Ordered | Shipped B/O Unit Price Amount
053625 @) $S-16-VCR-1 7 5 2
| " | Female VCR Nut, 1"
| ' . - !
los3625 é) $S-16-VCR-3 7 7 0 E
© 1 = YCRGland, 1" Tubs SW
.
i053625i @ 55-16-VCR-4 7 7 4] .
] Male VCR Nut, 1" |
,053625;/{ $-16-VCR-2-V§ 7 7 0 !
A | Stainless Steel VCR Unpla '
CUSTOMER REQUIRES C OF C |
| ON ALL ORDERS
i
-~ Order Picked By: Order Shipped By: Subtotal
* Customer Notified By: Date: ~ Freight
fns Received By: Date:




Swagelok Company

L. vk ok 28500 Solon Rd
. %&%ﬁ% Soion, OH 44139 U.S.A
- 440.349 5500

440.519 4897 fax

Certificate of Compliance (EN 10204-2.1}

Distributor Customer Customer PO#
Scioto Valve & Fitting Co. EDEN CRYOGENICS, LLC BC-3349
200 Hoff Road 8445 RAUSCH DRIVE
Suite M PLAIN CITY, OH 43084
Westerville, OH 43082
No. Part Number ' Qty
1 §5-16-VCR-1 7
2 58-16-VCR-4 7

Swagelok products referenced above are manufactured from material purchased and certified as belng in accerdance with
the specification(s) listed below.

The material stipulations included in this certification do not include such components as snap rings, springs, balls, o-rings,
gaskets, jam nuts, space collars, seals, locking dogs, lanyards, or sleeves,

Stainless steel materia! has passed the intergranular Corrosion Test requirements of EN 1SO 3651-2, Method A, and/or
ASTM A-262 Practice Aor E.

All parts were cleaned and packaged in accordance with Swagelok Specifications.

. MATERIAL STANDARDS
Components Material Standards
Shaped Fittings F316 Stainless Steel Forgings ASTM A182, ASME SA182
Straight Fittings 316 Stainless Steel Bar ASTM A276, ASTM A479, ASMEESA4T9

The Swagelok® products specified above are certified for use in commercial-grade (non-Nuclear Safety Related)
applications and were manufactured in accordance with Swagelok Company's Quality Assurance Manual (latest revision,
revision H, dated December 10, 2007). Swagelok Company's Quality System is approved to ISO 9001 (BSI Certificate #
FMO1729).

: ' Certifications Supervisor
Jonathan Seewald

PC100112210-001 Page: 1 of 1 011272010
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Swagelok Company

. 29500 Solon Rd
5\&&%&5& Solon, OH 44133 ?Jr.‘S‘A

440.349.5600
440.519.4997 fax

Certificate of Compliance (EN 10204-2.1)

Distributor Customer Customer PO#
Scioto Valve & Fitting Co. EDEN CRYOGENICS, LLC BC-3348
200 Hoff Road 8445 RAUSCH DRIVE
Suite M PLAIN CITY, OH 43064
Westerville, OH 43082
No. Part Number Qty
1 88-18-VCR-CP 7

Information contained in the above customer address column (marked as "Customer”) and area marked "Reference" (when
applicable) of this certification are for reference purposes only. Swagelok Company makes no stipulations, nor takes
responsibility, for the accuracy or reliability of such information.

Swagelok products referenced above are manufactured from material purchased and certified as being in accordance with
the specification{s) listed below.

Swagelok products are manufactured under conditions which are free from mercury. No Mercury bearing components have

been used in the products of your order and no Mercury bearing instruments or other equipment have been used in their
manufacture, assembly, or testing in such a manner as might cause contamination.

No ashesios or asbestos-containing components are used in Swagelok brand products,
All parts were cleaned and packaged in accordance with Swagelok Specifications.

. MATERIAL STANDARDS
Components Material Standards
Body 316 Stainless Steel Bar ASTM A276, ASTM A479, ASME SA479
VCR Nut 316 Stainless Steel Bar ASTM A276, ASTM A479, ASME SA479

The Swagelok® products specified above are certified for use in commaercial-grade (non-Nuciear Safety Related)
applications and were manufactured in accordance with Swagelok Company's Quality Assurance Manual {latest revision,
revision H, dated December 10, 2007). Swagelok Company’s Quality System is approved to ISO 3001 (BSI Certificate #

FM01729).
Certifications Supervisor
Jonathan Seewald
PC100807132 Page: 1 of 1 05/07/2010

V101812 1847424 ]



Swagelok Company

LS AN : _ 2850C Sclon Rd
%@%@ O Solon, OH 44138 U.S.A
440,349 5600

440.519.4997 fax

Certificate of Compliance (EN 10204-2,1)

Distributor Customer ' Customer PO#
Scioto Valve & Fitting Co. EDEN CRYOGENICS, LLC BC-3349
200 Hoff Road 8445 RAUSCH DRIVE
Suite M PLAIN CITY, CH 43064
Westerville, OM 43082
No. Part Number Qty
1 §8-16-VCR-3 7

Information contained in the above customer address column (marked as "Customer") and area marked "Referenca” (when
applicable) of this certification are for reference purposes only. Swagelok Company makes no stipulations, nor takes
responsibility, for the accuracy or reliability of such infermation.

Swagelok products referenced above are manufactured from material purchased and certified as being in accordance with
the specification(s) listed below.

Swagelok products are manufactured under conditions which are free from mercury. No Mercury bearing components have
been used in the products of your order and no Mercury bearing instruments or other equipment have been used in their
manufacture, assembly, or testing in such a manner as might cause contamination.

No asbestos or asbestos-containing components are used in Swagelok brand products.

Stainiess steel materfal has passed the Intergranular Corrosion Test requirements of EN ISO 3651-2, Method A, and/er
ASTM A-262 Practice Aor E.

Al parts were cleaned and packaged in accordance with Swagelok Specifications. a
MATERIAL STANDARDS
Components Material Standards
Shaped Fittings F316 Stainless Steel Forgings ASTM A182, ASME SA182
Straight Fittings 316 Stainless Steel Bar ASTM A276, ASTM A479, ASME SA479

The Swagelok® products specified above are certified for use in commercial-grade (non-Nuclear Safety Related)
applications and were manufactured in accordance with. Swagelok Company's Quality Assurance Manual (latest revision,
revision H, dated December 10, 2007). Swagelok Company's Quality System is approved to 1SO 9001 (BS| Cerlificate #

FMO1729), _ ‘
Certifications Supervisor
Jonathan Seewald

PC100112210-002 Page: 1 of 1 01/12/2010
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ﬁf EoEN CRYDGENICS, LiC. gT EDEN; CRYQGENICS, tic.
(oW e RausCH £ o 8445 | RAUSCH DRIVE
P BLATM OTTY D PLAIN CITY OH 43064

T P
HESLa S |

BL/BT LB

/ nwf | No retuns accepted without prior authorization,
L}E:}\i" ror of any special order #ems. All acceptable o . hyx

retums subject o a minimum 10% sestocking
charge, and must be accompanied by 2 copy of _
this invoice. ™ ;

| L e , v10.18.12 186/ 424




PACKING LiST

ORDER NO.

21055631

o

g : B1/15/1% 1:29PH
. RELEASE @@€1

EOEN QRYDAENICS, LLC, s EDEN CRYOGENICS, LLC.
FOSE RENSGH DRIVE o 8445 RAUSCH DRIVE
P PLAIN CITY OH 43064 b PLAIN CITY OH 43864

91/87/10 | e1/15/10

g1/07/16 [2E8D [EA

R1/37/18 [BMAE |EA

No returns accepted without prior authorization,

nor of anyspecial order items. All acceptable o . o byx
returns subject to a minimum 10% restocking
~harna and ruet b arcomasnied by a coov of

- S . v10.18.12--187-1-424
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Specification Number Rev,
: . BC101-001-022 C
: 'ﬁ SR ¥ . ] : Su_c . Original Release Date _ Sheet
=5 : SR E e 11/02/2006 1 of 4
Issuad Checked: Engineer Date Approved Date Approved Date
JHM 11/02/06 SLH 11/02/06 JBM 11/02/06 SLH 11/02/06 SLH 11/62/06

Welding Procedure Specification
GTAW of Stainless Steet (P-8) Materials WITHOUT Impact Toughness Requirements.
Base Metal Thickness Range from 0.035 to 2 inch.
This specification includes the following attachments:
Document Date Rev. Description # Pages

CORPORATE NAME CHANGE FROM BREHON 11/19/07
11/19/07 | CRYOQGENICS TO EDEN CRYOGENICS, LLC.

B ¢ Added PQR No 004 to gualify up to 2” thick 2/15/08
2/15/08 | e Increased welding current and voltage ranges to account for

thickness increase.

* Added 3/32” filler metal
¢ Corrected WPS number on pages

cC Changed Supporting PQR No. from 001N to 001 10/29/09 | JKM PK AGH SLH
10/29/09

v10.18.12 188/424




WPS No. BC101-001-022 Rev.C Page 2 of 4

Welding Procedure Specification (WPS)

GTAW of Stainless Steel (P-8) Materials WITHOUT Impact Toughness Requirements.
Base Metal Thickness Range from 0.035 to 2 inch.

Company Name  Eden Cryogenics, LLC. By: John Warnement

WPS No. BC101-001-022 Date: 11-2-2006 _ Supporting PQR No.(s} 001, 002 & 004
Revision No. C Date  10-29-2009

Welding Process(es) GTAW Type (s) Manual

JOINTS (QW-402) Details

Joint Design _See Page 4 for Weld Joint Details
Backing _With or Without
Backing Material (Type)

KiMetal [ JNenfusing Metal See Page 4 for Weld Joini Details
] Nonmetalic ] other

BASE METALS (QW-403)
P-No. 8 Group No. All to P-No. 8 Group No. All

Examples of P8 Base Metals (all P8 Base Metals are qualified)
Specification type and grade Types 304, 304L, 316, 316L

Thickness Range:

Base Metal: Groove 0.035 to 2 inch Fillet AlLL
Other
FILLER METALS (QW-404)
Spec. No. (SFA) A5.9 Base Metals welded with Filler Metal on same row
AWS No. (Class) 304 to 304 ER308 or ER308L
F-No. 6 304 to 304L ER308 cr ER308L
A-No. 8 304L to 304L ER308L
Size of Filler Metal 0.035, 0.045, 1/16, 3/32 inch
Weld Metal 31610 316 ER316 or ER316L
Thickness Range: 316 to 316L ER316 or ER316L
Groove 0.035 to 2 inch 316L to 316L ER316L
Fillet ALL
Elecirode-Flux {Class) N/A
Flux Trade Name N/A
Consumable Insert N/A
Other

v10.18.12 189/424




WPS No. BC101-001-022 Rev.C Page 3 of 4

POST WELD HEAT TREATMENT (QW-407)

POSITIONS {QW-405)
Position(s) of Groove ALL , Temperature Range None
Welding Progression: Up X Down Time Range None
Posilion(s) of Fiilet ALL
PREHEAT (QW-406) GAS (QW-408)
Preheat Temp. Min. 70°F Gas(es) | (Mixture) | Flow Rate
fnterpass Temp. Max. 350°F Shielding Argon 100 20 - 40 cfh
Preheat Maintenance None Tralling None
Backing Argon 100 5-15cth
ELECTRICAL CHARACTERISTICS (QW-409)
Current AC or DC pC Polarity Straight
_Amps (Range) 20 - 250 Volts {Range) 10- 18

Tungsten Electrode Size and Type

1/16 or 3/32-inch diameter 2% Thoriated

Mode of Metal Transfer for GMAW N/A

Electrode Wire feed speed range

(Spray arc, short circuiting arc, etc.)

N/A

TECHNIQUE (QW-410)

String or Weave Bead
Qrifice or Gas Cup Size

Initial and Interpass Cleaning

Method of Back Gouging
Oscillation

Contact Tube‘to“Work Distance

String or Weave

No.3-12

Brush or grind to remove oxides and contaminants from weld joint surfaces and a
minimum of 1 inch from weld joint edges. Use tools (e.g., brushes, grinding wheels,
etc.) that have NOT been used on carbon steel.

N/A

N/A

N/A

Multiple or Single Pass (per side} Single or Muitiple

Multiple or.Single Electrodes

Travel Speed {Range)
Peening
Other

Single

N/A

None

v10.18.12 190/424




Weld Joint Designs:

WPS No. BC101-001-022 Rev.C Page 4 of 4

If Weld Joint Design is NOT designated on Engineeting Drawing use one of the applicable weld joint designs below.

0.035<t<1/8

l
f | }

00302+ b *

(75 90\}/ 1/16<t<3/4
=

35—45/’1

' Nl
1116 <t < 3/4 # &\
4 I
Oto 3/32‘>r l—
+

116 <t<3/4

- <
L ¥
0 to 3/32 |

36 - 45+,
<

Tl16<t<3/4$ :ﬁ“‘m

* Oto 3/32—~l

37.5 +/-25

R 0.024
Typ.

t>3/4
!
3/4

Root Opening: 0 to 3/32

ot —_———— 1
X
116 +- 1/32»{ P\WG - 1132
Root Opening: G to 3/32
16 +/- 2
' \w‘ 0.25 +/- 1/16
t>3/4 .
30+-5 ¥ FA
¥ y
t
0.06 +/- 0.01 All Fillet Welds
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WELDER PERFORMANCE QUALIFICATIONS (WPQ)
(SEE QW-301, SECTION IX, ASME BOILER AND PRESSURE VESSEL CODE)

Welders Name  Andrew Powers Identification No. C-35
Test Description

Identification of WPS followed BC101-801-622 X Test Coupon [] Production weld
Welded Samples for PQR No(s) 001, 802 & 004

Specification of base metal(s) SA-240 & A169-04 Thickness: 0.035 & .5in.

Testing Conditions and Qualification Limits
Welding Variables (QW-350) Actual values Range qualified

Welding process GTAW GTAW
Type (i.e., manual, semi-auto) used Manual Manual
Backing {(metal, weld metal, double-welded, etc.) With With or Without
X [Plate D 2"
E Pipe {enter diameter, if pipe or tube) 0.5 inch dia. 0.5 to nolimited
Base metal P- or S-Number to P-or S-Number Bito$ Pl thm“g";;}l,{;:gg“di“g 54,
Filler metal or electrode specification(s) (SFA) (info only) As.9

Filler metal or electrode classification(s) {info only) ER308L

Filler metal F-Number(s) 6 6
Consumable insert (GTAW ar PAW) None None

Filler type (solid/metal or flux cored/powder {GTAW or PAW) Bare (Solid) Bare (Solid)
Deposit thickness for each base metal form

Base Metal : | Plate | 3 layers minimum Yes [ INo 0.5 in. 2 in. Max

Base Metal: | Pipe 3 layers minimum [ | Yes No 0.035 in.

Position qualified: P!ate 3G ALL

Pipe 6G

Vertical progression {uphill or downhilD Uphill Uphill!
Inert gas backing (GTAW, PAW, GMAW) Argon With Backing Gas®
GTAW current type/polarity (AC, DCEP, DCEN) DCEN DCEN

1. Cover Pass may be Uphiil or Downhill. Root Pass may e uphill or downhill, if removed Root Pass is removed in preparation of welding second

side
2. Requalification is not required when welding a single-sided butt joint is welded with a backing strip or a doulble-welded butt joint or a fillet weld,

RESULTS

Visual Examination of Completed Weld (Qw-302.4) Passed
@Bend test; Transverse root and face [QW-462.3 (a)}; [:]Longitudinal root and face [QW-462.3 {b)]; SEde {QW-462.2);

Type Result Type Result
Side Bend 1 QW-462.2 Pass - No Indications | RootBend 1  QW-462.3(a) note b | Pass - No Indications
Side Bend 2 QW-462.2 Pass - No Indications | Root Bend 2 QW-462.3{(a) note b Pass - No Indications

Side Bend 3 QW-462.2 Pass - No Indications | Face Bend 1 QW-462.3(a) noteb | Pass - No Indications
Side Bend 4 QW-462.2 Pass - No Indications | Face Bend 2 QW-462.3(a) note b | Pass - No Indications

Mechanical testing by: _John Warnement Lahoratory Test no,
Welding supervised by John Wairnement
We certify that the statements in this record are correct and that the test coupons were prepared, welded and tested in

“accordance with the requirements of Section IX of the ASME Code.
' Organization: Eden Cryogenics

Date: 12/23/09 By: John Meister

Revised from 10/24/06 QW-484A as Brehon Cryogenics

...v10.18.:12 192/ 424




WELDER PERFORMANCE QUALIFICATIONS (WPQ)
(SEE QW-301, SECTION IX, ASME BOILER AND PRESSURE VESSEL CODE)

Welders Name  Tam Van Vo Identification No. C-1
Test Description
Identification of WPS followed ~ BC101-001-922 Test Coupon [_] Production weid
Welded Samples for PQR No(s) 001, 602 & 004
Specification of base metal(s) SA-240 & A169-04 Thickness: 0.035 & .375in.
Testing Conditions and Qualification Limits
Welding Variables (QW-350) Actual values Range qualified
Welding process GTAW GTAW
Type (i.e., manual, semi-aute) used Manual Manual
Backing (metal, weld metal, double-welded, etc.) With With or Without
< |Plate 3757 75 in,
X Fipe (enter diameter, if pipe or tube) 0.5 inch dia. 0.5 to unlimited
Base metal P- or S-Number to P-or S-Number 8tos F1 ‘hm“ghsgl,léigg“dj“g P34,
Filler metal or electrode specification(s) {SFA) (info only) A59
Filler metal or electrode classification{s) {info only) ER305L
Filler metal F-Number(s) 6 3
Consumable insert (GTAW or PAW) None None
Filler type {solid/metal or flux cored/powder (GTAW or PAW) Bare (Solid) Bare (Solid)
Deposit thickness for each base metal form
Base Metal : | Plate 3 layers minimum Xl Yes [ INo 0.375 in. .75 in. Max
Base Metal: { Pipe 3 layers minimum E Yes @ No 0.035 in,
Position qualified: P!ate iG ALL
Pipe 6G
Vertical progression (uphill or downbhili) Uphill Uphil!
Inert gas backing (GTAW, PAW, GMAW) Argon With Backing Gas®
GTAW current type/polarity (AC, DCEP, DCEN) DCEN DCEN

1. Cover Pass may be Uphill or Downhill. Roo! Pass may be ughill or downhilt, if removed Root Pass is removed In preparation of welding second
side
2. Requalification is not regquired when welding a single-sided butt joint is welded with a backing strip or a doulble-welded butt joint or a filiet weld.

RESULTS
Visual Examination of Completed Weld (Qw-302.4) Passed
XBend test: B Transverse root and face [QW-462.3 (a)]; DLongitudinal root and face [QW-462.3 (b}]; Xside (QW-462.2);

Type Result Type Result
Side Bend 1 OQW-462.3(a) | Pass - No Indications | Root Bend 1  QW-462.3(a) note:b | Pass - No Indications
Side Bend 2 QW-462.3(a) | Pass - No Indications | Root Bend 2 QW-462.3(a) noteb | Pass - No Indications

Side Bend 3 QW-462.3(a) | Pass - No Indications | Face Bend 1 QW-462.3(a) note b | Pass - No Indications
Side Bend 4 QW-462.3(a) | Pass - No Indications | Face Bend 2 QW-462.3(a) note b | Pass - No Indications

CTL Project No. 06030530C0L
Mechanical testing by: CTL Engineering Laboratory Test no. : CTL Project No, 06030520C0L

Welding supervised by John Warnement
We certify that the statements in this record are correct and that the test coupons were prepared, welded and tested in
accordance with the requirements of Section IX of the ASME Code.
Organization: Eden Cryogenics
Date: 2/15/09 By: John Warnement

Revised from 10/24/06 QW-484A as Brehon Cryogenics
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WELDER PERFORMANCE QUALIFICATIONS (WPQ)
{SEE QW-301, SECTION IX, ASME BOILER AND PRESSURE VESSEL CODE)

Weiders Name  Richard Kennedy Identification No. C-2
Test Description
Identification of WPS followed BC101-001-022 E Test Coupon I:I Production weld
Welded Samptfes for PQR No(s) 001,002 & 004
Specification of base metal{s) SA-240 & A169-04 Thickness: 0.035 & .500 in.
Testing Conditions and Qualification Limits
Welding Variables (QW-350) Actual values Range qualiffed
Welding process GTAW GTAW
Type (i.e., manuai, semi-auto) used Manual Manual
Backing (metal, weld metal, double-welded, etc.) With With or Without
] | Piate 5007 2in,
X Pipe (enter diameter, if pipe or tube) 0.5 inch dia. 0.5 to unfimited
Base metal P- or S-Number to P-or S-Number b 8to38 1 ‘hr"“ghs];}l.,léj's“é“dj“g P3A,
Filler metal or electrode specification{s) {SFA) {infc only) A59
Filler metal or electrode classification(s) (info only) ER308L
Filler metal F-Number(s) 6 6
Consumable insert {GTAW or PAW) Nane None
Filler type (solid/metal or flux cored/powder (GTAW or PAW) Bare (Solld) Bare (Solid)
Deposit thickness for each base metal form
Base Metal : | Plate 3 layers minimum Yes No 0.500 in. 2 in, Max
Base Metal; | Pipe 3 layers minimum  [_] Yes No 0.035 in.
Position qualified: P!ate 3G ALL
Pipe 6G
Vertical progression {uphill or downhill) Uphill Uphill®
Inert gas backing (GTAW, PAW, GMAW) Argon With Backing Gas®
GTAW current type/polarity (AC, DCEP, DCEN) DCEN DCEN

1. Cover Pass may be Uphill or Downhill. Root Pass may be uphill or downhill, if removed Root Pass is removed In preparation of welding second
side
2. Requalification is not reguired when welding a single-sided butt joint is welded with a backing strip or a doulble-welded butt joint or & fillet weld.

RESULTS

Visual Examination of Completed Weld (Qw-302.4) Passed
BXBend test; [XTransverse root and face [QW-462.3 (@)1; [_ILongitudiral root and face [Qw-462.3 (b)]; DXSide (Qw-462.2);

Type Result Type Result
Side Bend 1 0OW-462.3(a) | Pass - No Indications | RootBend 1 QW-462.3(a) note b | Pass - No Indications
Side Bend 2 QW-462.3(a) | Pass - No Indications | Root Bend 2 QW-462.3(a) note b Pass - No Indications

Side Bend 3 QW-462.3(a) | Pass - No Indications | Face Bend 1 QW-462.3(a) note b | Pass - No Indications
Side Bend 4 QW-462.3(a) | Pass - No Indications | Face Bend 2 QW-462.3(a) note b | Pass - No Indications

Mechanical testing by: _obm Warneement . Laboratory Test no.

Welding supervised by John Warnement
We certify that the statements in this record are correct and that the test coupons were prepared, welded and tested in

accordance with the requirements of Section IX of the ASME Code.
Organization: _Eden Cryogenics

Date: 2/15/08 By: John Warnement

Revised from 10/24/06 QW-484A as Brehon Cryogenics
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WELDER PERFORMANCE QUALIFICATIONS (WPQ)
(SEE QW-301, SECTION IX, ASME BOILER AND PRESSURE VESSEL CODE)

Welders Name  Bradley DeMent Identification No. C-3
Test Description _
Identification of WPS followed BC101-001-022 Test Coupon D Production weld
Welded Samples for PQR No(s) 001, 002 & 004
Specification of base metal(s) SA-240 & A169-04 Thickress:  0.035 & .500 in.
Testing Conditions and Qualification Limits
Welding Variables (QW-350) Actual values Range gualified
Welding process GTAW GTAW
Type (i.e., manual, semi-auto) used Manual Manual
Backing (metal, weld metal, double-welded, etc.) With With or Without
X |Plate 5007
X Pipe (enter diameter, if pipe or tube) 0.5 inch dia. 0.5 to unlimited
Base metal P- or S-Number to P-or S-Number 8tos 1 ‘h“‘“ghsl;iléi’s“é“'““g P3A,
Filler metal or electrode specification(s) (SFA) (info only) A59
Filler metal or electrode classification(s) (info only) ER308L
Filler metal F-Number(s) 6 6
Consumable insert (GTAW or PAW) None None
Filler type (solid/metal or flux cored/powder (GTAW or PAW) Bare (Solid) Bare (Solid)
Deposit thickness for each base metal form
Base Metal : | Plate | 3 layers minimum DJYes [ JNo 0.500 In, 2'in, Max
Base Metal; { Pipe 3 layers minimum E Yes No 0.035 in.
Position qualified: P!ate 3G ALL
Pipe 6G
Vertical progression {uphill or downhill) ‘ Uphill Uphill
Inert gas backing (GTAW, PAW, GMAW) Argon With Backing Gag®
GTAW current type/polarity {AC, DCEP, DCEN) DCEN DCEN

1. Cover Pass may be Uphill or Downhiil, Root Pass may be uphii! or downhill, if removed Root Pass ie remaved in preparation of welding second
side
2. Requalification is not required when welding a single-sided butt joint is welded with a backing strip or a doulble-welded butt joint or a fillet weld,

RESULTS
Visuai Examination of Completed Weld (Qw-302.4) Passed
BdBend test; BdTransverse root and face [Qw-462.3 (a)]; [_JLongitudinal root and face [Qw-462.3 (t)]; [XISide (Qw-462.2);

Type Result Type Result
Side Bend 1 QW-462.3(a} | Pass - No Indications | Root Bend 1  QW-462.3(a) note b | Pass - No Indications
Side Bend 2 QW-462.3(a) | Pass - No Indications { Root Bend2 QW-462.3(a) note b Pass - No Indications

Side Bend 3 QW-462.3(a) | Pass - No Indications | Face Bend 1 QW-462.3(a) note b | Pass - No Indications
Side Bend 4 QW-462.3(a) | Pass - No Indications | Face Bend 2 QW-462.3(a) note b | Pass - No Indications

Mechanical testing by: _John Warnement

Welding supervised by John Warnement
We certify that the statements in this record are correct and that the test coupons were prepared, welded and tested in

accordance with the requirements of Section IX of the ASME Code.
Organization: Eden Cryogenics
Date: /507 By: John Warnement

Revised from 10/24/06 QW-484A as Brehon Cryogenics
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WELDER PERFORMANCE QUALIFICATIONS (WPQ)
(SEE QW-301, SECTION IX, ASME BOILER AND PRESSURE VESSEL CODE)

Welders Name  Scott Walker Identification No. C-10
Test Description

Identification of WPS followed BC101-001-022 BX] Test Coupon [_] Preduction weld
Welded Samples for PQR No{s) 001,002 & 004

Specification of base metal(s}) SA-240 & A169-04 Thickness: 0.035 & .5in.

Testing Conditions and Qualification Limits
Welding Variables (QW-350) Actual values Range qualified

Welding process GTAW GTAW
Type (i.e., manual, semi-auto) used Manual Manual
Backing (metal, weld metal, double-welded, etc.) With With or Without
X [Plate 5 2
= Pipe {enter diameter, if pipe or tube) 0.5 inch dia. 0.5 to unlimited
Base metal P- or S-Number to P-or S-Number Stos 1 ‘h"’“g"sl;ilggg“di“g Psa,
Fifler metal or electrode specification(s) (SFA) {info only) A59

Filler metal or electrode dassification(s) (info only) ER308L,

Filler metal F-Number(s) 6 6
Consumable insert (GTAW or PAW) None None

Filler type (solid/metal or flux cored/powder (GTAW or PAW) Bare (Solld) Bare (Solid)
Deposit thickness for each base metal form

Base Metal ;| Plate 3 layers minimum DX Yes | | No 0.5 in. 2 in, Max
Base Metal: | Pipe 3 layers minimum | ] Yes No 0.035 in.

Position qualified; P!ate 3G ALL

Pipe 6G

Vertical progression (uphill or downhilf) Uphill Uphilt*
Inert gas backing (GTAW, PAW, GMAW) Argon With Backing Gas®
GTAW current type/polarity (AC, DCEP, DCEN) DCEN DCEN

1. Cover Pass may be Uphill or Downhill. Root Pass may be uphill or downhill, if removed Root Pass is removed in preparation of welding second
side
2. Reqgualification is not required when welding a single-sided butt joint is welded with a backing strip or a doulble-welded butt inint o a fillet weid,

RESULTS
Visual Examination of Completed Weld (Qw-302.4) Passed
IXBend test; D Transverse root and face [QW-462.3 (a)}; [_JLongitudinal root and face [QW-462.3 (b)); [XISide (QwW-462.2);

Type Resuit Type Result
Side Bend 1 QW-462.3(a) | Pass - No Indications | Root Bend 1  QW-462.3(a) note b | Pass - No Indications
Side Bend 2 QW-462.3(a) [ Pass - No Indications | Root Bend 2 QW-462.3(a) note b | Pass - No Indications

Side Bend 3 QW-462.3(a) | Pass - No Indications | Face Bend 1  QW-462.3(a) note b | Pass - No Indications
Side Bend 4 QW-462,3(a) | Pass - No Indications | Face Bend2 QW-462.3(a) note b | Pass - No Indications

Mechanical testing by: _John Warnement Laboratory Test no.
Welding supervised by John Warnement
We certify that the statements in this record are correct and that the test coupons were prepared, welded and tested in
accordance with the requirements of Section IX of the ASME Code.
Organization: Eden Cryogenics
Date: 1/25/09 By: John Warnement

Revised from 10/24/06 QW-484A as Brehon Cryogenics
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WELDER PERFORMANCE QUALIFICATIONS (WPQ)
(SEE QW-301, SECTION IX, ASME BOILER AND PRESSURE VESSEL CODE)

Welders Name  Brandon Arnold Identification No. C-41
Test Description
Identification of WPS followed  BC161-001-022 4 Test Coupon ] Production weld
Welded Samples for PQR No(s) 001, 002, 004
Specification of base metal(s) SA-240 & A169-04 Thickness:  0.035 & .5 in.
Testing Conditions and Qualification Limits

Welding Varfables (QW-350) Actual values Range gualified
Welding process GTAW GTAW
Type (i.e., manual, semi-auto) used Manual Manual
Backing (metal, weld metal, double-welded, atc.) With With or Without
D4 |Plate 5 2
D] {Pipe (enter diameter, if pipe or tube) 0.5 inch dia. 0.5 to unlimited
Base metal P- or S-Number to P-or S-Number 8 to8 F1 "h""“gh;gléi‘s‘g“di“g P54,
Filler metal or electrode specification(s) (SFA) (info only) A5
Fiiler metal or electrode classification(s) (info only) ER308L
Filler metal F-Number(s) 6 6
Consumable insert (GTAW or PAW) None None
Filler type (solid/metal or flux cored/powder (GTAW or PAW) Bare (Solid) Bare (Solid)
Deposit thickness for each base metal form
Base Metal :| Plate 3 layers minimum DX Yes [ ] No 0.5 in, 2 in. Max
Base Metal: | Pipe 3 layers minimum E Yes E No 0,035 in,
Position gualified: P!ate 3G ALL

Pipe 6G

Vertical progression (uphill or downhill) Uphill Uphili*
Inert gas backing (GTAW, PAW, GMAW) . Argon With Backing Gas®
GTAW current type/polarity (AC, DCEP, DCEN) DCEN DCEN

1. Cover Pass may be Uphill or Downhiil. Root Pass may be uphili or downhill, if removed Root Pass is removed In preparation of welding second

side
2. Requalification is not required when welding a single-sided butt joint is welded with a backing strip or a douible-welded buit joint or & fillet weld.

Visual Examination of Completed Weld (ow-302.4) Results: Passed
DdBend test; ] Transverse root and face [QW-462.3 (a)); [ JLongitudinal root and face [Qw-462.3 (b)]; DJSide (Qw-462.2);

Type Result Type Resuit
Side Bend 1 QW-462.2 Pass - No Indications | RootBend 1  QW-462.3(a) note b | Pass - No Indications
Side Bend 2 QW-462.2 Pass - No Indications | Root Bend 2 QW-462.3(a) nateb | Pass - No Indications

Side Bend 3 QW-462.2 Pass - No Indications | Face Bend 1 QW-462.3(a) note b | Pass - No Indications
Side Bend 4 QW-462.2 Pass - No Indications | Face Bend 2 QW-462.3(a) note b | Pass - No Indications

Mechanical testing by: Eden Cryogenics
Welding supervised by John Warnement
We certify that the statements in this record are correct and that the test coupons were prepared, welded and tested in

accordance with the requirements of Section IX of the ASME Code.
Organization: _Eden Cryogenics

Date: 1/4/10 By: John Warnement
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WELDER PERFORMANCE QUALIFICATIONS (WPQ)
(SEE QW-301, SECTION IX, ASME BOILER AND PRESSURE VESSEL CODE)

Welders Name  Sam Taylor Identification No. C-45
Test Description
Identification of WPS followed BC101-001-022 Test Coupon {_] Production weld
Welded Samples for PQR Na(s) 001, 002, 004
Specification of base metal(s) SA-240 & A169-04 Thickness:  0.035 & .500 in.
Testing Conditions and Qualification Limits

Welding Variables (QW-350) Actual values Range qualified
Welding process GTAW GTAW
Type (i.e., manual, semi-aute) used Manual Manual
Backing (metal, weld metal, double-welded, etc.) With With or Without
<] |Plate ‘ 5007 2

Pipe (enter diameter, if pipe or tube) 0.5 inch dia. 0.5 to unimited
Base metal P- or $-Number to P-or S-Number 8108 Pl th'““ghsl;iléigg“di“g P3A,
Filler metal or electrode specification(s) (SFA) {info only) ASS
Filler metal or electrode classification(s) (info only) ER3ISL
Filler metal F-Number(s) 6 6
Consumable insert (GTAW or PAW) None None
Filler type (solid/metal or flux cored/powder (GTAW or PAW) Bare (Solid) Bare (Solid)
Deposit thickness for each base metal form
Base Metal :| Plate | 3 layers minimum Yes [ INo 0.500 in. 2 in. Max
Base Metal: | Pipe | 3 layers minimum | | Yes No 0.035 in.
Position qualified: P!ate 3G ALL
Pipe 6G

Vertical progression {uphill or downhill) Uphill Uphill!
Inert gas hacking (GTAW, PAW, GMAW) Argon With Backing Gas®
GTAW current type/polarity (AC, DCEP, DCEN) DCEN DCEN

1. Cover Pass may be Uphill or Downhill. Root Pass may be uphiil or downhill, if rermoved Root Pass is removed in preparation of welding second
side
2. Requalification is not required when welding a single-sided butt joint is welded with a backing strip or a doulble-welded butt joint or a fillet weld.

Visual Examination of Completed Weld (Qw-302.4) Results: Passed
B<Bend test; DX Transverse root and face [QW-462.3 (a)]; DLongitudinaI root and face [QwW-462.3 (b)]; DXISide (Qw-462.2);

Type (plate) Result Type (pipe) Result
Side Bend I QW-462.2 Pass - No Indications | Root Bend 1 = QW-462.3(a) note b | Pass - No Indications
Side Bend 2 QW-462.2 Pass - No Indications ) Root Bend 2 QW-462.3(a) note b Pass - No Indications

Side Bend 3 QW-462.2 Pass - No Indications | Face Bend 1  QW-462.3(a) note b | Pass - No Indications
Side Bend 4 QW-462.2 Pass - No Indications | Face Bend 2 QW-462.3(a) note b | Pass - No Indications

Mechanical testing by: _Eden Cryvogenics
Welding supervised by John Warnement
We certify that the statements in this record are correct and that the test coupons were prepared, welded and tested in
accordance with the requirements of Section IX of the ASME Code.
Organization: Eden Cryogenics
Date: 2/15/10 By: _John Meister
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WELDER PERFORMANCE QUALIFICATIONS (WPQ)
(SEE QW-301, SECTION IX, ASME BOILER AND PRESSURE VESSEL CODE)

Identification No. C-46

Welders Name  Mike Zimmerman

Test Description

Identification of WPS followed BC101-001-022
Welded Samples for PQR No(s) 001, 002, 004
Specification of base metal{s) SA-240 & A169-04

X Test Coupon [} Production weld

Testing Conditions and Qualification Limits

Welding Variahles (QW-350)

Actual values

Thickness: 0,035 & .500 in.

Range qualified

Welding process GTAW GTAW
Type {i.e., manual, semi-auto} used Manual Manual
Backing (metai, weld metal, double-welded, etc.) With With or Without
] |Plate 5007 2
X {Pipe (enter diameter, if pipe or tube) 0.5 inch dia. 0.5 to unlimited
Base metal P- or S-Number to P-or S-Number St 8 1 thr"“g"sl;l'l‘gjgg“dmg P54,
Filler metal or electrode specification(s) (SFA) (info only) A5.9
Filler metal or electrode classification(s) (info only) ER308L
Filler metal F-Number(s) 6 6
Consumable insert {GTAW or PAW) None None
Filler type (solid/metal or flux cored/powder (GTAW or PAW) Bare (Solid) Bare (Solid)
Deposit thickness for each hase metal form
Base Metal : | Plate 3 layers minimum Yes [ INo 0.500 in. 2 in. Max
Base Metal: | Pipe 3 layers minimum m Yes DX No 1 0.035in.
/| Position qualified: |Plate 3G ALL
Pipe 6G
Vertical progression (uphill or downhill) Uphill Uphill!
Inert gas backing (GTAW, PAW, GMAW) Argon With Backing Gas®
GTAW current type/polarity (AC, DCEP, DCEN) DCEN DCEN
1. Cover Pass may be Uphill or Downhill. Root Pass may be uphiil or downhil, if removed Root Pass is removed in preparation of welding second
side
2, Requalification is not required when welding a single-sided butt joint is welded with a backing strip or a doulble-welded butt joint or a fillet weld,

Visual Examination of Completed Weld (Qw-302.4)

Results: Passed

Bend test; PqTransverse root and face [Qw-462.3 (a)]; DLongitudinaI root and face [QW-462.3 (b)); Mside (QW-462.2);

Type (plate) Result

Type (pipe)

Result

Side Bend 1 QW-462.2 Pass - No Indications

RootBend1l QWwW-462.3(a) noteb

‘Pass - No Indications

Side Bend 2 QW-462.2 Pass - No Indications

Root Bend 2 QW-462.3(a) note b

Pass - No Indications

Side Bend 3 QW-462.2 Pass - No Indications

Face Bend 1 QW-462.3(a) note b

Pass - No Indications

Side Bend 4 QW-462.2 Pass - No Indications

Face Bend 2 QW-462.3(a) note b

Pass - No Indications

Mechanical testing by: _Eden Cryogenics
Welding supervised by John Warnement

We certify that the statements in this record are correct and that the test coupons were prepared, welded and tested in
accordance with the requirements of Section IX of the ASME Code.

Date: 2120110

Organization; Eden Cryogenics

By: John Meister
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FORM U-1AMA 7ACTURER’S DATA REPORT FOR~ iSSURE VESSELS
(Alternative Form for Single Chamber, Compléve.y Shop or Field Fabricated Vessels Only) _—
As Required by the Provisions of the ASME Boiler and Pressure Vessel Code Rules, Section V111, Division 1

1. Manufactured and certified by: Eden Cryogenics LLC. 8445 Rausch Drive Plain City, Ohio 43064
(Name and address of Manufacturer)
2. Manufactured for: Fermi Research Alliance, LLC. P.O. Box 500 Batavia, IL 60510
(Name and address of Purchaser)
3. Location of installation Fermilab, Batavia llinois
(Name and address)
4. Type: Vertical 02128-01 BC-02128-5820-01 8 2010
(Horizontal or vertical tank) (Manufacturer's serial number) {Drawing number) (National Board number) (Year Built)
5. The chemical and physical properties of all parts meet the requirements of material specification of the ASME BOILER AND PRESSURE VESSEL
CODE. The design, construction, and workmanship conform to the ASME rules, Section VIII, Division 1 2007
Year
to A08 - --
{addenda(date)} (Code Case numbers) {Special Service per UG-120(d)}
6. Shell; 5A-312-TP304 .1785" 0 10.42 39.5
(Material spec. number, grade) (Nominal thickness) (Corr. Allow.) {inner diameter) (length overall)
7. Seams: welded - 70% - - - -
({Long. (welded, dbl., sngl,, lapbutt)}  {RT.(spotor ful)}  (Eff., %)  (H.T.temp)  (Time, hr) ({Girth. (‘;;;”%i‘:;)gb"' sngk, (R'T%u(,f)p}"‘ o
8. Heads: (a) SA-312 TP304 (b) SA-312 TP304
(Materfal spec. number grade or type) (H.T. - time & temp) {Material spec. number grade or type) (H.T. - time & temp)
Location (Top, Thickness Radius Elliptical Conical | Hemispherical | Flat Side to Pressure Category A
Bottom, Ends) | min, | Corr. | Crown | Knuckle | Ratio | Apex Angle Radius  IDiameter Convex |Concave | Type | Full, Spot, None | Eff.
(a) Top 18751 0 -~ 1.91 2:1 -~ -~ -~ -- X A NONE 70%
() Bottom 18751 0. -- 1.91 2:1 -- -= -~ - X A NONE 70%
If removable, boits used (describe other fastening) =
(Material spec. number grade, size, number)
9. MAWP 165 psi 15 psi at max temp. 932 deg 70 deg F Min. design metal temp. -320 at 165
F deg F _psi
(Internal) (External) (Internal) (External)
- Min. design metal temp. - at -- Hydro. , pneu., or comb. test pressure _pneu, test @ 188 psig
Ao;. Nozzles, inspection, and safety valve openings:
Diamet Material .
Purpose Numb Nominal Reinforcement )
Inlet, Qutlet, Drain) er gg;:: Type Nozzle Flange | Thickness Material How Attached Lacation
inlet/outlet 2 1" nps W.E. 304/304L SA-312 N/A sch. 10 (.109") -~ UW 16.1 () HEADS
fill 1 3" nps. W.E. 304/304L SA-312 N/A sch. 10 (.120") -= UW 16.1 (©) HEADS
thermowells 5 LI 1 opL | 304/304L sA-182 N/A 142" - UW 16.1 (c) SHELL
i §. Supports: Skirt no Lugs 3 Legs - Others - Attached -=
(Yes or No) (Number) {Number) (Describe) (Where and how)

2. Manufacturer's Partial Data Reports properly identified and signed by Commissioned Inspectors have been furnished for the following
itemns of the report:

(List the name of part, item number, Manufacturer's name and identifying stamp)

CERTIFICATE OF SHOP/FIELD COMPLIANCE

We certify that the statements made in this report are correct and that all details of design, material, construction and workmanship of this vessel
conform to the ASME BOILER AND PRESSURE VESSEL CODE, Section VIIL, Division 1. “U” Certificate of Authorization Number 37,118

expires _Dec 13, 2010
Duc  p3/28/p Co.Name EDEN CRYOGENICS LLC. Signed a R/
pd

{Manufacturer) y (Representative)
CERTIFICATE OF SHOP/FIELD INSPECTION
Vessel constructed by ~ EDEN CRYOGENICS LLC. at 8445 RAUSCH DRIVE PLAIN CITY OHIO 43064
I, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and/or the State or Province of
OHIO and employed by HSB-CT
have inspected the component described in this Manufacturer's Data Report on MAGH 28 2010 ,and state that,

to the best of my knowledge and belief, the Manufacturer has constructed this pressure vessel in accordance with ASME BOILER AND PRESSURE
"~VESSEL CODE, Section VIII, Division 1. By signing this certificate neither the Inspector nor hissher employer makes any warranty, expressed or
Jimplied, concerning the pressure vessel described in this Manufacturer’s Data Report. Furthermore, neither the Inspector nor his/her employer

shall be liable in any manner for any perso:al injur}yyropcrty damage or a loss of any kind arising from or connected with this inspection.

vie 3025010 s lashsls Commissions ¥ (3582 A, NS

(Authorized Inspecifr) {National Board (incl endorsements) State, Province and number]
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FORM U-1AMA  FACTURER’S DATA REPORT FOR  ZSSURE VESSELS

(Alternative Form for Single Chamber, Compléw.y Shop or Field Fabricated Vessels Only)
As Required by the Provisions of the ASME Boiler and Pressure Vessel Code Rules, Section VIII, Division 1

Eden Cryogenics LLC. 8445 Rausch Drive Plain City, Ohio 43064
(Name and address of Manufacturer)
Fermi Research Alliance, LLC. P.O. Box 500 Batavia, IL 60510
{Name and address of Purchaser)

1. Manufactured and certified by:

2. Manufactured for:

3. Location of installation

4, Type:

Vertical

Fermilab, Batavia Illinois

02128-02

(Name and address)

BC-02128-5820-02

9

2010

(Horizontal or vertical tank)

{Manufacturer's serial number)

(Drawing number)
5. The chemical and physical properties of all parts meet the requirements of material specification of the ASME

(National Board number)

(Year Built)

BOILER AND PRESSURE VESSEL

CODE. The design, construction, and workmanship conform to the ASME rules, Section VIII, Division 1 2007
Year
to AO8 - -
{addenda(date)} (Code Case numbers) {Special Service per UG-120(d)}
6. Shell: SA-312-TP304 .1785" 0 10.42 39.5
(Material spec. number, grade) {Nominal thickness) (Corr. Aliow.) (inner diameter) (length overall)
7. Seams: welded -~ 70% -~ -~ -- -
({Long. (welded, dbi., sngl,, lap,butt)}y  {RT.(spotorful)}  (Eff. %)  (H.T.temp)  (Time, hr) ({Girth. (Wwelded, dbl., sngl. {RT. (spot o
ap,butt)} fult)}
8. Heads: (a) SA-312 TP304 (b) SA-312 TP304
(Material spec. number grade or type) (H.T. ~ time & temp) (Material spec. number grade or type) (H.T. ~ time & temp)
Location (Top, Thickness Radius Elliptical Conical | Hemispherical |  Flat Side to Pressure Category A
Bottom, Ends) | Min, | Corr. | Crown | Knuckle | Ratio | Apex Angle Radius  |Diameter Convex |Concave | Type | Full, Spot, None | Eff.
(a) Top 18751 0 -~ 1.91 2:1 - -~ -~ - X A NONE 70%
(b) Bottom 1875 0 - 1.91 2.1 - - -~ - X A NONE 70%
If removable, bolts used (describe other fastening) -=
{Material spec. number grade, size, number)
9. MAWP 165 psi 15 psi at max temp. 932 deg 70 deg F Min. design metal temp, -320 at 165
F deg F psi
(Internal) (External) (Internal) (External)
. Min. design metal temp. -~ at -~ Hydro. , pneu., or comb. test pressure _pneu. test @ 188 psig
40 Nozzles, inspection, and safety valve openings:
Diamet Material .
Purpose Numb Nominal Reinforcement ] )
Inlet, Outlet, Drain) er S Type Nozzle Flange | Thickness Material How Attached Location
inlet/outlet 2 1" nps W.E. 304/304L SA-312 N/A sch. 10 (.109") - UW 16.1 (¢) HEADS
fill 1 3" nps. W.E. 304/304L SA-312 N/A sch. 10 (.120™M) - UW 16.1 (¢) HEADS
thermowells 5 ML opL | 304/304L sA-182 N/A 142" - UW 16.1 () SHELL
{1 - Supports: Skirt no Lugs 3 Legs -~ Others -~ Attached -
(Yes or No) (Number) (Number) (Describe) {Where and how)
{2 Manufacturer’s Partial Data Reports properly identified and signed by Commissioned Inspectors have been furnished for the following
items of the report:
(List the name of part, item number, Manufacturer's name and identifying stamp)
CERTIFICATE OF SHOP/FIELD COMPLIANCE
We certify that the statements made in this report are correct and that all details of design, material, construction and workmanship of this vessel
conform to the ASME BOILER AND PRESSURE VESSEL CODE, Section VIII, Division 1. “U” Certificate of Authorization Number 37,118
expires Dec 13, 2010
Date @ /D Co.Name EDEN CRYOGENICS LLC. Signed o ﬁ M\‘
(Manufacturer) yd (Representative)

CERTIFICATE OF SHOP/FIELD INSPECTION
Vessel constructed by ~ EDEN CRYOGENICS LLC. at 8445 RAUSCH DRIVE PLAIN CITY OHIO 43064
L, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and/or the State or Province of
OHIO and employed by HSB-CT
have inspected the component described in this Manufacturer’s Data Report on MA&H 25 20lo ,and state that,
to the best of my knowledge and belief, the Manufacturer has constructed this pressure vessel in accordance with ASME BOILER AND PRESSURE
" VESSEL CODE, Section VIII, Division 1. By signing this certificate neither the Inspector nor his/her employer makes any warranty, expressed or
J/implied, concerning the pressure vessel described in this Manufacturer’s Data Report. Furthermore, neither the Inspector nor his/her employer
shall be liable in any manner for any personal injur7roperty damage or a loss of any kind arising from or connected with this inspection.

Date Signed

3125-/10 Commissions M#/?‘Wzﬂ OHETY

{Authorized Inspgctor) [National Board (incl endorsements) State, Province and number]}
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FORM U-1AM?#  FACTURER’S DATA REPORT FOR £SSURE VESSELS
(Alternative Form for Single Chamber, Comple...y Shop or Field Fabricated Vessels Only) :
As Required by the Provisions of the ASME Boiler and Pressure Vessel Code Rules, Section VII1, Division 1

1. Manufactured and certified by: Eden Cryogenics LLC. 8445 Rausch Drive Plain City, Ohio 43064
| (Name and address of Manufacturer)
2. Manufactured for: Fermi Research Alliance, LLC. P.O. Box 500 Batavia, IL 60510
(Name and address of Purchaser)
3. Location of installation Fermilab, Batavia Illinois
(Name and address)
4, Type: Vertical 02128-03 BC-02128-5820-03 10 2010
(Horizontal or vertical tank) (Manufacturer's serial number) (Drawing number) (Nationat Board number) (Year Built)
5. The chemical and physical properties of all parts meet the requirements of material specification of the ASME BOILER AND PRESSURE VESSEL
CODE. The design, construction, and workmanship conform to the ASME rules, Section VIII, Division 1 2007
Year
to A08 -~ -
{addenda(date)} (Code Case numbers) {Special Service per UG-120(d)}
6. Shell: SA-312-TP304 .1785" 0 10.42 39.5
(Material spec. number, grade) {Nominal thickness) (Corr. Aliow.) (inner diameter) (length overall)

7. Seams: welded -- 70% - - -~ -~

({Long. (welded, dbl, sngl, lap,butt)}  {RT.(spotorful)}  (EF, %)  (HT.temp)  (Time, r) ({Girth. (}';‘;”‘zi‘ib‘;b"' sngl., {R'Téu(lf)';“ ¢
8. Heads: (a) SA-312 TP304 (b) SA-312 TP304

(Material spec, number grade or type) (H.T. —time & temp) (Material spec, number grade or type) (H.T. ~time & temp)
Location (Top, Thickness Radius Elliptical Conical | Hemispherical | Flat Side to Pressure Category A
Bottom, Ends) | min, | Corr. | Crown | Knuckle | Ratio | Apex Angle Radius  |Diameter Convex |Concave | Type | Full, Spot, None | Eff.

(a) Top .1875 0 == 1.91 2:1 -~ -~ -~ -~ X A NONE 70%
()] Bottom .1875/ 0 -- 1.91 2:1 - -~ -~ - X A NONE 70%

If removable, bolts used (describe other fastening) --
{(Material spec. number grade, size, number)

9. MAWP 165 psi 15 psi at max temp. 932 deg 70 deg F Min. design metal temp. -320 at 165
F deg F _psi
(Internal) (External) (Internal) (External)
. Min. design metal temp. -~ at -- Hydro. , pneu., or comb. test pressure preu. test @ 188 psig

10. Nozzles, inspection, and safety valve openings:

Diamet Material . )
Purpose Numb Nominal Reinforcement )
Inlet, Outlet, Drain} er gi g Type Nozzle Flange | Thickness Material How Attached Location
inlet/outlet 2 1" nps W.E. 304/304L SA-312 N/A sch. 10 (.109") -~ UW 16.1 (¢) HEADS
fill 1 3" nps. W.E. 304/304L SA-312 N/A sch, 10 (.120") -~ UW 16.1 (c) HEADS
thermowells 5 B el | 3043000 sa1e2 N/A 142" - UW 16.1(c) SHELL
. Supports: Skirt no Lugs 3 Legs -~ Others - Attached -
(Yes or No) (Number) (Number) {Describe) (Where and how)

2. Manufacturer's Partial Data Reports properly identified and signed by Commissioned Inspectors have been furnished for the following
items of the report:

(List the name of part, item number, Manufacturer's name and identifying stamp)

CERTIFICATE OF SHOP/FIELD COMPLIANCE
We certify that the statements made in this report are correct and that all details of design, material, construction and workmanship of this vessel
conform to the ASME BOILER AND PRESSURE VESSEL CODE, Section VIII, Division 1. “U” Certificate of Authorization Number 37,118

expires Dec 13, 2010
Date  03/28//D> Co. Name " EDEN CRYOGENICS LLC. Signed jw X
(Manufacturer) ya (Representative)
CERTIFICATE OF SHOP/FIELD INSPECTION
Vessel constructed by  EDEN CRYOGENICS LLC. at 8445 RAUSCH DRIVE PLAIN CITY OHIO 43064
I, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vesse] Inspectors and/or the State or Province of
OHIO and employed by HSB-CT
have inspected the component described in this Manufacturer’s Data Report on M{ 26. 20/0 ,and state that,

to the best of my knowledge and belief, the Manufacturer has constructed this pressure vessel in accordance with ASME BOILER AND PRESSURE
- VESSEL CODE, Section VI, Division 1. By signing this certificate neither the Inspector nor hisher employer makes any warranty, expressed or
Jimplied, concerning the pressure vessel described in this Manufacturer’s Data Report. Furthermore, neither the Inspector nor his/her employer

shall be lable in any manner for any person injur/y?)roperty damage or a loss of any kind arising from or connected with this inspection.

Date 3/25//0 Signed MW Commissions  A/F #/fsz A OHEFTY

(Authorized Inspgctor) [National Board (inci éndorsemenfs) State, Province and number]




EDEN CRYOGENICS, LLC
8445 RAUSCH DRIVE |
PLAIN CITY, OHIO 43064

USA

Pressure Vessel Design Calculations

ltem: LAR PRESSURE VESSEL
Vessel No: 1
Customer: FERMI NATIONAL LABORATORY
Contract: BC-02128
Designer: ALLAN G. HANSON
Date: OCTOBER 22, 2009
Location: FERMI NATIONAL LABORATORY
Purchaser: TERRY TOPE
Vessel Name: [ AR Pressure Vessel
Service: LIQUID ARGON
P.O. Number: BC-0218
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Peficiencies Summary

No deficiencies found.
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Nozzle Schedule

Materials
Nozzll(e Service Size
mar
Nozzie Impact | Norm g:g; Pad | Impact { Norm (l:: 2;; Flange
M. | Gas Outlet 1" Sch 108 SASIRTPI0AWE |y Ing TN A (N [na [N NA
smis pipa
N2 | Gas et 1" Sch 108 ;sgl-::fpzpam Widd  dho INo | No MA fna [ na |Na NIA
N2 | Thermocoupte 0.500" Class 3000 - SABZTPA0AWH & INe e A fwa [na | va N/A
threaded smils pipa
Copy of 0.500" Class 3000 - SA-312 TP304 Wid &
e Thermosouple threaded smls pipe No No Ne NiA | NiA A NA A
Copy of 0.600" Class 3000 - SA-312 TP304 Wid &
N Thermocouple threaded smis pipe No No No NA - NA N/A NI A
Copy of 0.500" Class 3000 - SA-212 TP204 Wid &
) Thermocouple threaded smls plpe No No No NA [ NA NiA [ INIA NA
Copy of 0.500" Class 3000 - SA-312 TP304 WId &
74 Thermocouple threzaded smis pipa No No No NA - FNA NA NiA N/A
Ng | Fil Nozzle 3" Sch 108 SA-B12TRRAWK & |y Ine o NA (A v I N/A
smis pipa
¥
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Nozzle Summary

Relnforcement
Shell Pag

Nozzle | OD t Reqt | a9 | Ag? & Corr | AJA
mark | o | afy {in) iy | &'

Nomt | Designt | Usert | Width L

{in) gy | oam | om | 6
Ni, 1.315 | 0.109 0,689 | Yes {Yes [0.1875% | 0.0B5S MYA N/A 0 186.8
N2 1.315 Jod09 [oq1089 |ves |ves |c.1s7st {o.csss NA WA o |1e03
M3 1125 | 0.1425 | 0.0714 | Yes |Yes |0.18 011¢ N/A A li] 100.0
N4 1.126 1 0.1425 §0.0714 | Yes |Yes |0.18 0.11¢ N/A N/A 0 100.0
N3 1.125 §0.1425 | 0.0714 [Yes |[Yes ]0.18 .419 N/A N/A ] +00.0
Ng 1.125 | 0.1425 | 0.0714 | Yes |Yes [0.18 0.t19 ’ N/A NA b] 100.0
1.125 [0.1425 | 0.0714 |Yos |Yes {0.18 0.119 N/A N/A 0 100.0
Ne 3.5 a.12 01031 | Yes | Yes |0.1875* | 0.0802 N/A N/A v} 100.0

t: Nozzle thickness

Reqt,: Nozzle thickness required per UG-45/UG-16
Nomt  Vessel wall thickness
Design t: Required vessel wall thickness due to pressure + corrosion allowance per UG-37

Usert:  Local vessel wall thickness {near opening)

A Area avallable per UG-37, governing condition
Al Area required per UG-37, governing condition
Corr: Corrosion aliowance on nozzle wall

* Head minimum thickness after forming
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Pressure Summary for Chamber bounded by Ellipsoidal Head #1 and Ellipsoidal Head #2

Pressure Summary

P T i
{psh) | (°P)

Elipsoidal Head #2 185 32 30416 | 422.45 | -320 Note 1 No

Fi flipsoid, # 165 932 262.77 | 364.96 [ -320 Note 2 No
Cylingler #1 165 932 25242 | 350.58 | -320 Nete 2 No
Straight Flangs on Ellinsoidal Head #1 165 932 262,77 | 354,98 | -320 Note 2 - No
Elépsaldal Head #1 165 882 304.16 {42245 | -320 Note 1 No
Qlp 165 932 165 NFA N/A NA N/A
Clip #2 165 932 165 N/A N/A NA N/A
Cip #3 165 832 165 N/A NZA N/A N/A
Gas Qutlet (N1} 185 932 2213 {207.35 [ -320 | Note 3 No
Gags Inlst (N2} 185 932 2213 }307.35 |-320 |Noted No
Thermocouple (N3} 165 932 273.56 | 379.94 | -320 Nota 4 No
Copy of Thermocoupie (N4) 185 932 27355 {379.94 | -320 | Note 4 No
Copy of Thermeeoupls (INS), 165 532 27356 1379.94 [-320 |Nate 4 No
Coagy of Thermocgunla (NB) 165 832 27356 370,04 [-320 I Note 4 No
Copy of Thermocgupls (N7} 165 932 273.56 ] 379.94 | -320 Note 4 No
Efll Mazzls (NB) 165 932 200.27 | 290.63 | -320 Note § No

Chamber design MDMT is -320 °F
Chamber rated MDMT is -320 °F @ 165 psi
Chamber MAWP was used in the MDMT determination

Chamber MAWP hot & corroded is 165 pst @ 932 °F

Chamber MAP cold & new is 290.63 psi @ 70 °F

This pressure chamber is not designed for external pressure.

Notes for MDMT Rating:
Nots # Exemption Detalls
t. Material Impact test exempt par UHA-54{g)(ceincidart ratio = 0,31189)
2 Rated MDMT per UHA-51{d}(1){a) = -320 °F '
3. Impact test exempt par UHA-51(g}{coincident rafio = 0.04768)
4, Impact test exempt per UHA-51{g){coincident ratio = 0.02793)
5. Impact test exempt per UHA-51{g){coincident ratio = 0,12871)

Design notes are available on the Settings Summary page.
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Revision History

Na.

Date

Operator

Notes

10/21/2009

ahanson

New vessel created ASME Section Vil Division 1 [Build 6263]
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Settings Summary

COMPRESS Build 6263

Units: U.S. Customary
Datum Line Location: 0.06" from bottom seam

Design

ASME Section VHi Division 1, 2007 Edition, A08 Addenda

Design or Rating:

Minimum thickness:

Design for cold shut down only:

Design for lethal service (full radiography required):
Design nozzles for:

Corrosion weight loss:

UG-23 Stress Increase!

Skirtlegs stress increase:

Minfrium nozzle projection:

Juncture calculations for o > 30 only:

Preheat P-No 1 Materials > 1.258#34 and <= 1.50" thick;

UG-37{a) shell tr calculation considers longitudinal stress:

Buit welds are tapered per Figure UGS-66.3(a).

Hydro/Pneumatic Test

. . 1.1 times
Shop Pneumatic Test Pressure: design P
Test liquid specific gravity: 1.00
Maximum stress during test: 90% of yield
Required Marking - UG-116
UG-116 (e) Radiography: None

UG-116 (f) Postweld heat treatment: None
Code Cases\Inferpretations

Use Code Case 2547: No
Apply interpretation VII-1-83-66: Yes
Apply interpretation VIII-1-86-175: Yes
Apply interpretation VIIl-1-83-115: Yes
Apply interpretation Vill-1-01-37:  Yes
No UCS-66.1 MDMT reduction:  No
No UCS-68(c) MDMT reduction: No
Disallow UG-20(f) exemptions: Yes

Get Thickness from Prassure
0.0625" per UG-16(b)

No

No

Besign P, find nozzie MAWP and MAP
100% of theoretical loss

1.20

1.0

0.25"

Yes

No

No

7/83
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UG-22 Loadings

UG-22 {a) Internal or External Design Pressure : Yas
UG-22 (b) Weight of the vessel and normal contents under operating or test conditions: No
UG-22 (c) Superimposed siatic reactions from weight of attached equipment (external loads):  No
UG-22 (d)(2) Vesse! supporis such as fugs, rings, skirts, saddles and lags: No
UG-22 {f) Wind reactions: No
UG-22 (f) Seismic reactions: No

Note: UG-22 (h),(c) and (f) loads only considered when supports are present,

8/83




Thickness Summary

Component Materlal Diameter | Length | Nominalt | Designt | Total Cotrosien | Jeint | | .4
ldentifier (in) {in} {in) {in} (i E
Ellipscidal Head #2 SA-312 TP304 Wid & smis pipe 123910 |3.285 0.1875* 0.1016 0 070 | Internal
Siraight Flange on Ellipscidal Head #2 SA-312 TP304 WId & smis plpe 123510 | 1.5 01875 01025 8] 0.70 | Internal
Cylinder #1 SA-312 TP304 WIid & smls pipe 128910 | 395 0.18 0.1025 o G.70 | internal
Straight Flange on Etipsoidal Head #1 | SA-312 TP304 Wid & smis pipe  { 123310 |15 0.1875 0.1025 |o 070 | internal
Ellipsoidal Head #1 8A-312 TP304 Wid & smls pipe 12.391D 3285 0.1876* Q.1018 Y 070 | internal
Nominal i1 Vessel wall nominal thickness
Designt:  Required vessel thickness due to governing loading + corrosion
Joint E: Longitudinal seam joint efficiency
* Head minimum thickness after forming
Load
infernal:  Gircumferential stress due to internal pressure govems
external:  External pressure governs
Wind: Combined longitudinal stress of pressure + welght + wind governs
Seismic:  Combined longitudinal stress of pressure + weight + selsmic governs
9/83
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Weight Summary

Weight { Ib) Conlributed by Vessel Elemants Surdace
Component . Area

Metal Metal insulation & ||, Piping | Operating | Test 2

New* | Corroded™ | Supports 9 | 4 Liquid | Liquid | Liquid
Elfnsoldal Hea 12.6 128 0 0 0 o] 17.3 2
Cylindsr #1 81.2 81.2 1] 0 0 0 171.8 1
Ellipsoidal Head #1 13.1 13.1 4] o 0 a 15.5 2
TOTAL: 106.9 {1069 0 Q 2} 0 204.8 14

* Shells with attached nozzles have welght reduced by material cut out for opening.

Welght { 1b) Coniributed by Attachments
Surface Area
Component
P Body Flanges N;;::‘Ie:s& Packed | Ladders & | Trays & { Rings & | Vertical h2
g Beds | platforms [Supports | Clips | Loads
New | Cotraded | New { Catroded
Ellipscidat Head #2 |0 ¢] 27 |27 0 1) 0 4] 1] 0
Cylindar #1 ¢} [ 03 [0.3 0 1} i} 0.4 4] 0
lipsoida| Head #1 {C 0 0.1 |01 G ] 0 o 0 0
TOTAL: 0 0 32 la2 1) 0 0 0.4 D 1

Vessel operating weight, Corroded: 111 1b

Vessel operating weight, New: 111 1b
Vesset empty weight, Corroded: 111 1lb
Vessel empty weight, New: 1111b
Vessel test weight, New: 3151b
Vessel surface area: 15 fi2

Vessel center of gravity iocation - from datum - lift condition

Vessel Lift Weight, New: 111 1b
Center of Gravity: 20.3248"

Vessel Capacity

Vesse! Capacity™ (New): 24 US gal
Vessel Capacity** (Corroded): 24 US gal

*The vessel capacity does not include volume of nozzle, piping or cther attachments.
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Pneumatic Test

Shop test pressure determination for Chamber bounded by Ellipsoidal Head #1 and Eflipéoidaf Head #2 based

on design P per UG-100(b}

Shap pneumatic test gauge pressure is 252.085 psi at 70 °F (the chamber design P = 165 psi)

The shop test is performed with the vessel in the vertical position.

l.ocal test | Test liquid | UG-100 | UG-100
Identifier pressure | static head | stress |[pressure
psi psi ratio factor
Ellipsoidal Head #2 (1} 282,445 0.361 1.3899 1.10
Straight Flange on Ellipsoldal Head #2 252,446 0.381 1,3889 1.30
Cylinder #1 253,872 1.787 1.3880 1.10
Stralght Flange on Ellipsoidal Head #1 253.926 1.841 1.3883 1.10
Etipsoidal Head #1 254,008 1.853 1.3889 1.10
Copy of Thermocouple (N4) 252,782 0.897 1.3889 1.10
Copy of Thermocouple {N5) 253,103 1.017 1.3888 1.10
Copy of Thermocouple (N6) 253.423 1,338 1.3889 1,10
Copy of Tharmosouple {N7) 283.744 1.658 1.3889 1.10
Fill Nozzla (N8) 252205 5,209 1.3889 110
Gas Inlet (N2) 262.275 0.18 1.3889 1,10
Gas Outlet (N1} 254.08 1,805 1.3889 1.10
Thermocoupls (N3} 252.534 0.448 1.5880 1.10

Notes:

{1) Ellipsoidal Head #2 limits the UG-100 stress ratio.

The field test condition has not been investigated for the Chamber bounded by Ellipsoidal Head #1 and Eifipsoidal

Head #2.
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Cylinder #1

ASME Section VIil Division 1, 2007 Edition, A08 Addenda

Component; Cylinder
Material specification: SA-312 TP304 Wid & smis pipe (1-D p. 90, in. 15)
Pipe NPS and Schedule: 12" Sch 1038

Rated MDMT per UHA-51(d){1){a) = -320 °F
Internal design pressure: P = 165 pst @ 932 °F
Static liquid head:

{8G =1, H, = 49.5", Vertical test

P, = 1..79 Psl pea d)

Corrosion allowance Inner C = 0" QuterC=0"

Design MDMT = -320 °F No impact test performed

Rated MDMT = -320 °F Material is not normalized
Material is not produced to Fine Grain Practice
PWHT is not performed

Radiography: Longitudinal joint - Nohe UW-11{(c) Type 1

Top circumferential joint - None UW-11(c) Type 2
Bottom circumferential joint - None UW-11(c) Type 1

Estimated weight New =81.41b cotr =81.4 b
Capacity New = 20.62 US gal cormr = 20,62 US gal
D = 12.39"

Length L, = 39.5"

{ = (.18"

Design thickness, (at 932 °F) UG-27(c)(1)

P*R/(S*E - 0.60"P) + Corrasion
165%6.195 / (14,400"0.70 - 0.60*165) + 0
0.1025"

t

o

Maximum allowable working pressure, (at 932 °F) UG-27{c)(1)
P S™E*t/ (R + 0.60™) - P,

14,400%0.7070.1575/ (6.185 + 0.60"0.1575) - 0
252 42 psi

i

Maximum aillowable pressure, (at 70 °F) UG-27(c)(1)

P S'E"/ (R + 0.60™)
20,000"0.70%0.1575/ (6.185 + 0.60"0.1575)

350.58 psi

i i
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Ellipsoidal Head #2

ASME Sectlon Vi, Divislon 1, 2007 Edition, A08 Addenda

Component: Ellipscidal Head

Material Specification: SA-312 TP304 WId & smils pipe {II-D p.90, In. 15)
Material Impact test exempt per UHA-51(g)(coincident ratio = 0.31189)

Internal design pressure: P = 165 psi @ 932 °F

Static liquid head:

P.= 0 psi (5G=1, H,=0" Operating head)
P, = 0.3068 psi (SG=1, H,=8.5" Vertical test head)

Corrosion allowance: Inner C = 0" Quter G =0"
Design MDMT = -320°F No impact test performed
Rated MDMT = -320°F Materiad is not normalized

Material is not produced lo fine graln practice
PWHT is not performed
Do not Optirnize MDMT / Find MAWP

Radiography: Category A joints - None UW-11{(c} Type 1
Head to shell seam - None UW-11(c) Type 2

Estimated weight*: new=1261Ib corr = 12.6 Ib

Capacity*: new = 1.9 US gal corr = 1.9 US gal

* includes straight flange

Inner diameter = 12.39"

Minimum head thickness = 0.1875"

Head ratio D/2h = 2 (new)

Head ratio D/2h = 2 (corroded)

Straight flange length L = 1.5"

Nominal straight flange thicknessty = 0.1875"

Hesuits Summary

The governing condition is internal pressure.

Minimum thickness per LUG-16 0.0625" + 0" = 0.0625"

Design thickness due fo internal pressure () = 0.1016"
Maximum allowable working pressure (MAWP} = 304,16 psi
Maximum allowable pressure (MAPR) = 42245 psi

Design thickness for internal pressure, (Corroded at 932 °F) UG-32(d}(1)

P*D/(2*S*E - 0.2°P) + Corrosion
165*12.39/(2*14,400"0.7 - 0.2*165} + 0
0.1016"

t

L |

The head internal presstre design thickness is 0,1016".
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Maximum allowable working pressure, (Corroded at 932 °F) UG-32(d)}(1)

P S EYD +0.2') - P,
2"14,40070.770.1875/(12.39 +0.2*0.1875) - 0

304.16 psi

mono

The maximum allowable working pressure (MAWP) is 304.18 psi.
Maximum allowable pressure, (New at 70 °F) UG-32(d)(1)

P 2'S*'EY(D + 0.2 - P,
220,000%0.7*0.1875/(12.39 +0.2"0.1875) - 0

422.45 psi

LI O

The maximum alfowable pressure (MAP) is 422.45 psi.
% Forming strain - UHA-44(a){(2}(b)

EFE

Il

(75*t/ R)*(1 - R,/ RJ}
(75%0.1875/ 2.2001)*(1 - 2.2001 / =)
6.3919%

i
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Straight Flange on Ellipsoidal Head #2
ASME Section Vil Division 1, 2007 Edition, A08 Addenda
Component: Straight Flange
Material specification: SA-312 TP304 Wid & smis pipe (II-D p. 90, In. 15)
Rated MDMT per UHA-51(d)(1)(a) = -320 °F
Internal design pressure: P = 165 psi @ 932 °F
Statle liquid head:

_ . {(8G =1, H,=10" Vertical test
Py, = 0.38psi head) s

Corrosion allowance Inner C = 0" QuterC=0"
Deslgn MDMT = -320 °F No impact test performed
Rated MDMT = -320 °F Material is not normalized

Material is not produced to Fine Grain Practice
PWHT is not performed

Radicgraphy: Longitudinal joint - None UW-11{c} Type 1
Circumferential joint - None UW-11{c) Type 2

Estimated weight New=3.21b corr=3.21b
Capacity New = 0.78 US gal corr = 0.78 US gal

H

12.39"
1.5"
0.1875"

D
Length L,
t

I3

Ii

Design thickness, {at 932 °F) UG-27(c)(1)

P*R / (S"E - 0.60*P} + Corrosion
165"6.195 / (14,400*0.7C - 0.60*165) + 0
0.1025"

t

Maximum allowable working pressure, (at 932 °F) UG-27(c)(1)

S*E*t/ (R + 0.60™) - P,
14,400"0.700.1641/ (6.195 + 0.60%0.1641) - 0
262.77 psi

P

O

Maximum ailowabie pressure, (at 70 °F) UG-27(c)(1)

P S*E"/ (R + 0.60°1)
20,00070.70%0.1641 / (6.195 + 0.60%0.1641)

364.96 psi

L | B 1
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Straight Flange on Ellipsoidal Head #1
ASME Section VIl Division 1, 2007 Edition, A0S Addenda

Compenent: Straight Flange
Material specification: SA-312 TP304 Wid & smls pipe (-0 p. 90, In. 15)

Rated MDMT per UHA-51(d)(1){a) = -320 °F
Internal design pressure: P = 165 psi @ 932 °F

Static liquid head:

(SG =1, Hy = 51", Vertical test

Py = 184psi head)

Carrosion allowance InnerC =0" Quter C = 0"

Design MDMT = -320 °F No impact test performed
Rated MDMT = -320 °F Material is not normalized
Material is not produced fo Fine Grain Practice

PWHT is not performed

Radiography: Longitudinal joint - None UW-11(c) Type 1
Circumferential joint - None UW-11(c) Type 1

Estimated weight New=3.21b cor=3.2b
Capacity New = 0.78 US gal corr=0.78 US gal

12.39"
1 .5"
0.1875"

Ik

iD
Length .,
t

Design thickness, {at 932 °F) UG-27(c){1)

P*R/(S*E - 0.60*P} + Corrosion
165*6.195 / (14,40070.70 - 0.60*169) + 0
0.1025"

1

K on-

Maximum allowable working pressure, {at 932 °F) UG-27(c)(1)

P S*E" /(R + 0.60") - P,
14,40070.70%0.1641 / (6.195 + 0.60*0.1641) - 0

262.77 psi

%

Maximum allowable pressure, (at 70 °F) UG-27{c}(1)

P S'E*t/(R + 0.60")
20.000%0.70*0.1641 / (6.195 + 0.60%0.1641)

364.96 psi

onon
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Ellipsoidal Head #1

ASME Section Vill, Division 1, 2007 Edition, A08 Addenda

Component; Eflipsoidal Head
Material Speciication: SA-312 TP304 WId & smis pipe (I-D p.90, In. 15)

Material Impact test exempt per UHA-51{g}{coincident ratio = 0.31188)

internal design pressure; P = 165 psi @ 932 °F

Static liquid head:

P_= 0 psi (8G=1, H,=0" Operating head)
P.= 1.9528 psi (5G=1, H,=54.0975" Vertical test head)

Corrosion allowance: Inner C = 0" QOuter G =0"
Design MDMT = -320°F No impact test performed
Rated MDMT = -320°F Material is not normalized

Material is not produced to fine grain practice
PWHT is not performed
Do not Optimize MDMT / Find MAWP

Radiography: Category A joints - None UW-11(c) Type 1
Head to shell seam - None UW-11(c) Type 1

Estimated welght™: new=13.11b corr=13.1 b

Capacity™: new = 1.9 US gal corr = 1.9 US gal

* includes straight flange

Inner diameter = 12.39"

Minimum head thickness = 0.1875"

Head ratio D/2h = 2{new)

Head ratio D/2h = 2 (cotroded)

Straight flange length L = 1.5

Nominal straight flange thicknesst; = 0.1875"

Results Summary

The governing condition is internal pressure.

Minimum thickness per UG-16 0.0625" + 0" = 0.0625"

Design thickness due to internal pressure () = 0.1016"
Maximum allowable working pressure (MAWP) = 304.186 psi
Maximum allowable pressure (MAP) = 42245 psi

Design thickness for internal pressure, {Corroded at 932 °F) UG-32(d){1)

P*D/(2*S*E - 0.2*P) + Corrosion
165%12.39/(2"14,400*0.7 - 0.2*165) + 0 .
0.1018"

t

LI H

The head internal pressure design thickness is 0,1016".
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Maximum allowable working pressure, (Corroded at 932 °F} UG-32(d){(1)

P 2*S*E"{D + 0.27) - P,
2*14,40070.770.1875/(12.39 +0.2*0.1875) - 0

304.16 psi

nw n

The maximum allowable working pressure (MAWP) is 304,16 psi.
Maximum allowable pressure, {New at 70 °F) UG-32(d)(1)

P 2*S*E™(D + 0.21) - P,
2*20,000%0.7*0.1875/(12.39 +0.2*0.1875) - 0

422.45 psi

uu

The maximum allowable pressure (MAP) is 422,45 psi.

% Forming strain - UHA-44(a){2)(b)

EFE

(75't/ R)*(1 - R,/ R)
(75*0.1875 / 2.2001)}*(1 - 2.2001 / o)
6.3919%

i
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Copy of Thermocouple {N4)

ASME Section VIII Division 1, 2007 Edition, A08 Addenda

tw(lower) = 0.1810n
Leg,, = 0.1425in

Nota: round Inslde sdges per UG-76{(c)

Located on: Cylinder #1

Liquid static head included: 0 psi

Nozzle material specification: SA-312 TP304 Wid & smils pipe (il-D p. 90, In. 15)
Nozzle longitudinal joint sfficiency: 1

Nozzle description: 0.500" Class 3000 - threaded
Nozzle orientation: 150°

Local vessel minimum thickness: 0.15875in

Nozzle center line offset to datum line:  30.62in

End of nozzie to shell center: 6.625 in

Nozzle inside diameter, new: 0.84 in

Nozzle nominal wall thickness: 0.1425 in

Nozzle corrosion allowance: Oin

Projection available outside vessel, Lpr: 0.251in

19/83

v10.18.12 222 /424



This nozzle passes through a Category A joint.

Reinforcement Calculations for Internal Pressure

Available reinforcement per UG-37 governs the MAWP of this nozzle.

UG-45 Nozzle
UG-37 Area Calculation Summary (in?) _Wa"
For P = 273.56 psl @ 932 °F Thickness
The opening Is adequately reinforced Summary (m)
The nozzle passes
UG-45
A A A
required | avallable A Az Az | As | eids Treq tmin
Q.1 0.1 0.0125 [0.0672 {-- |- [0.0203 {0.0625 [ 0.1247

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations
pat UW-15(b)(1)

UW-16 Weld Sizing Summary

Required weld Actual weld
throat size (in} | throat size (In) Status

Nozzle to sheft fllet (Legar} | 0,0997 0.0997 weld size is adequate

Wald deseription

Calculations for internal pressure 273.56 psi @ 932 °F
Nozzle Impact test exempt per UHA-51(g)(coincident ratio = 0.02733),

Parallel Limits of reinforcement per UG-40

Ln MAX(d, R, + (t - C) + (t- C))
MAX(0.84, 0.42 + (0.1425 - 0) + (0.1575 - 0))

0.84in

Quter Normal Limits of reinforcement per UG-40

L, MIN(2.54t - C), 2.5 -C,) +1,)
MIN(2.5%0.1575 - 0), 2.5%(0.1425 - 0) + 0)

0.3563 in

1

Nozzle required thickness per UG-27(c)(1)

t PR /(S,'E - 0.6'P)
273.557°0.42/(14,400*1 - 0.6*273.557)

0.0081 in

1]

m

Il

Required thickness t_from UG-37(a)
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-
I

P*RAS'E - 0.6"P)
273.557%6.195/(14,400"1 - 0.6"273.557)
0.1191in

Area required per UG-37(c)
Allowable stresses: §, = 14,400, S, = 14,400 psi -

fi=lesserof 1 or S /S, =1
f,=lesserof 1 or §/S, =1

A

d'tF + 27 P - 1)
0.84*0. 1191 + 270.1425"0.119"1*(1 - 1)
0.1in2

il

Area available from FIG. UG-37.1
A, = larger of the following= 0.0125 in?

= dM(E,t- Pt - 20 (- PR 1)
= 0.84*(0.85%0.1575 - 1"0.119) - 2"0.1425%(0.85%0.1575 - 1*0.119)*(1 - 1)
= 0.0125in2

= 2t E)ME - R - 2N E - PHOM -1
= 2"(0.1575 + 0.1425)*(0.85"0.1575 - 1*0.119) - 2*0.1425*(0.85*0.1575 - 1°0.119)*(1 - 1)
= 0,0089 in? '

A, = smaller of the following= 00672 in?

= 2*(tn - tm) *fr2*Lpr
= 2"(0.1425 - 0.0081)"1*0.25

= 0.0672 in?

= 2"t - tm)*frz*l"pr
= 2°(0.1425 - 0.0081)"170.25
=  0.0672in?

Ay = Leg?t,
= 0.1425°1
= 0.0203in?

Area = A+ A, + A
= 0.0125 + 0.0672 + 0.0203
= Q_l in2

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check
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Fillet weld: 1, = lesser of 0.75 ort ort=0.1425in

to(min = lesser of 0.25 or 0.7, = 0.0997 in

totactoay = 0-7 160 = 0.7*0.1425 = 0.0998 in

The fillet weld size Is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-a).

ASME B16.11 Coupling Wall Thickness Check

Wali thickness req'd per ASME B16.11 2.1.1: {,, = 0.0106 in (E =1)
Wall thickness per UG-16(b): t,=0.0625in
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Available nozzle wall thickness new, t, = 0.875%0.1425 = 0.1247 in

The nozzle neck thickness is adequate.

Reinforcement Calculations for MAP

Available reinforcement per UG-37 governs the MAP of this nozzle.

UG-45 Nozzle
UG-37 Area Calculation Summary (in?) Wall
ForP = 376.04 psi @ 70 °F Thicknes.s
The openling is adequately reinforced Summary (in)
The nozzie passes
UG48
A A A
required | available A1 Az A3 | As welds traq tmin
01 |01 0012500672 |~ |- {9.0203 | 0.0625 | 0.1247

UG-41 Weld Fallure Path Analysis Summary

The nozzle is exempt from weld strength calculations
per UW-15(b)(1)

UW-16 Weld Sizing Summary

Required weld | Actual weld
throat size {in) | throat size {In}

Weld description Status

Nozzls to shell fillet {Leg4s) Q,;Q.Q,Q.Z 0.0997 weld slze Is adequate

Calculations for internal pressure 379.94 psi @ 70 °F

Nozzle Impact test exempt per UHA-51(g)(coincident ratio = 0.02793).

Paraltel Limits of reinforcement per UG-40

La MAX(d, R, + (t, - C,) + (t- C))
MAX(0.84, 0.42 + (0.1425 - 0) + (0.1575 - 0))

0.84 in

Quter Normal Limits of reinforcement per UG-40

L, MIN(2.5%(t - C), 2.5%(t, - C,) + 1)
MIN(2.5*(0.1575 - 0), 2.5*(0.1425 - 0) + 0)

0.3563 in

1}

Nozzle required thickness per UG-27(c)(1)

t

n

P*R/(S,'E - 0.6P)
379.938%0.42/(20,0001 - 0.6*379.938)
0.0081 in

m

i
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Required thickness t, from UG-37(a)

P*R/(S'E - 0.6'P)
379.938%6.195/(20,000*1 - 0.6"379.938)
0.119in

t

T

[}

1]

Area required per UG-37(c)
Allowable stresses: S = 20,000, S, = 20,000 psi

f,y=lesserof 1 or §,/S, =1
fo=lesserof 1 or§/S, =1

A dt*F + 2 F (1 - 1)

0.84*0.119%1 + 2*0.1425*0.119*1*(1 - 1)
0.1in?

I

It

Area available from FIG. UG-37.1
A, = larger of the following= 0.0125 in®

= dMES- B - 2 (ES - PN - )
= 0.84*(0.85%0.1575 - 1*0.119) - 2°0.1425%(0.85*0.1575 - 1*0.119)*(1 - 1)
= 0.0125in?

= 2+ tME - P - 2N (E - PR - 1)
= 2*0.1575 + 0.1425)*(0.85°0.1575 - 1°0.119) - 2°0.1425*(0.85%0.1575 - 1*0.119)*(1 - 1)
= 0.0089 In?

A, = smaller of the following= Q0872 in?

= 2*(tn - trn)*frz*l-pr
= 27(0.1425 - 0.0081)*1*0.25
= 0.06721in2

= 2"(t, - trn)*fr2*|"pr
= 2%(0.1425 - 0.0081}*1*0.25
= 0.0672 in?

Ay, = leg®t,
= 0.1425%1
= 00203 in?

Afea - A.' + Az + A41
= 0.0125 + 0.0672 + 0.0203
= 01in?

As Area >= A the reinforcement is adequate.
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UW-16(c) Weld Check

Fillet weld: t,, =lesser of 0.75 ort ort = 0.1425in

tominy = 1e8ser of 0.25 or 0.7°;, = 0.0997 in

y(actuan = 0-7°LeQ = 0.7°0.1425 = 0.0998 in

The fillet weld size is satisfactory.

Weld strength calcutations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).

ASME B16.11 Coupling Wall Thickness Check

Wall thickness req'd per ASME B16.11 2.1.1: t, =0.0106in (E =1)
Wall thickness per UG-16(b): t,=0.0625in

Available nozzle wall thickness new, t, = 0.8750.1425 = 0.1247 in

The nozzle neck thickness is adequate.
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Copy of Thermocoupie (N5)

ASME Section VIl Division 1, 2007 Edition, A08 Addenda

tw(lower} = 0.18In
Leg, = 0.1425in

Neta: round Inslds edgss per UG-76(c)

Located on: Cylinder #1

Liquid static head included: 0 psi

Nozzls material specification: SA-312 TP304 Wid & smis pipe (II-D p. 90, In. 15)
Nozzls longitudinal joint efficiency: 1 '
Nozzle description: 0.500" Class 3000 - threaded
Nozzle orfentation: 0°

Local vessel minimum thickness: 0.1575 in

Nozzle center line offset to datum line:  21.74in

End of nozzle to shell centear: 6.625 in

Nozzle inside diameter, new: 0.84in

Nozzle nominal wall thickness: 0.1425in

Nozzle corrosion afllowance: Qin

Projoction available outside vessel, Lpr: 0.25in
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This nozzle passes throuigh a Category A joint.

Reinforcement Calculations for Internal Pressure

Available reinforcement per UG-37 governs the MAWP of this nozzle.

UG-37 Area Calculation Summary (in?)

For P = 273.56 psi @ 932 °F
The opening Is adequately rainforced

UG-45 Nozzle
Wall
Thickness

Summary (in)
The nozzle passes

UG-45
A A A
required | available A Az Az [As ] oids trog tmin
g1 01 0.0125 [0.0672 |-- |-~ |0.0203 | 0.0625 | 0.1247

UG-41 Weld Failure Path Anaiysis Summary

per UW-15(b)(1)

The nozzle is exempt from weld strength calculations

UW-16 Weld Sizing Summary
Requlred weld Actual weld
Weld description throat size (in} | throat size {in) Status
Nozzls to shell fillat {Legaq) 0.0997 0.0997 weld size is adequate

Calculations for internal pressure 273.56 psi @ 93
Nozzle Impact test exempt per UHA-51(g)(coincident

Parallel Limits ol reinforcement per UG-40

L MAX(d, R, + {t, - C,) + {t- C))

0.841in

Hi

Outer Normal Limits of reinforcement per UG-40

MIN(2.5*(t - C), 2.5"(t, - C) + t.)

by

0.3563 in

il

Nozzle required thickness per UG-27(c)(1)

t P*R /(S,'E - 0.6*P)
273.557"0.42/(14,400™1 - 0.6*273.557)

0.00811in

It

m

Required thickness t, from UG-37(a)

MAX(0.84, 0.42 + {(0.1425 - 0} + (0.1575 -

2 °F

ratio = 0.02793).

0

MIN(2.5*(0.1575 - 0), 2.5*(0.1425 - 0) + 0)
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P*R/(S*E - 0.6"P)
273.557"6.195/(14,400*1 - 0.6"273.557)
0.1191in

—
1

Area required per UG-37(c)
Allowable stresses: 5, = 14,400, S, = 14,400 psi

f. = lesserof 1 or §/S, =1
fo=lesserof 1 orS /S, = 1

A d"tF + 21 P (1 -1 )
0.84*°0.119%1 + 20.1425°0.119%1%(1 - 1)

0.1in?

It

Area available from FiG. UG-37.1
A, = larger of the following= .0125 in®
= dMEST P - 2 (E M- RN <)

= 0.84%(0.85%0.1575 - 170.119) - 2"0.1425%(0.85"0.1575 - 1*0.119)*(1 - 1)
= 0.0125in2

= 2T+ )MES - P - 24 ME - B - £ )
= 2%0.1575 + 0.1425)*(0.8570.1575 - 1*0.119) - 20.1425*(0.85%0.1575 - 1*0.119)*(1 - 1)
= 0.0089in?

A, = smaller of the following= 0,0672 in®

= 20, tfeLy
= 2%0.1425- 0.0081)1*0.25
= 0.0672in2

=2, -t
= 2*(0.1425 - 0.0081)*1*0.25
= 0.0672in?

A, = Leg¥t,
= 0.1425%1
= 0.0203in?

Area = A +A+ Ay
= 0.0125 + 0.0672 + 0.0203
= 0.1in2

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check
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Fillet weld: 1, = lesser of 0.75 ort_ ort=10.1425in

tomin = lesser of 0.25 or 0.7*1;, = 0.0997 in

tofactuay = 0-7°L€Q = 0.7*0.1425 = 0.0998 in.

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).

ASME B186.11 Coupling Wall Thickness Check

Wall thickness reg'd per ASME B16.11 2.1.1: §, = 0.0106in (E =1)
Wall thickness per UG-16(b): tg=0.0625in
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Available nozzle wall thickness new, t, = 0.875"0.1425 = 0.1247 in

The nozzle neck thickness is adequate.

Reinforcement Calculations for MAP

Available reinforcement per UG-37 governs the MAP of this nozzle.

UG-37 Area Calculation Summary (in?)

For P =379.94 psl @ 70 °F
The openlng is adequately retnforced

UG-45 Nozzle
Wall
Thickness

Summary (in)
The nozzie passes

LiG-45
A A A
required | available A1 Az Az [As | ads tray tmin
0.1 0.1 0.0125 10.0672 |-~ |- 10.0203 {0.0625 | 0.1247

UG-41 Weld Failure Path Analysis Summary

per UW-15(b)(1)

The nozzle is exempt from weld strength calculations

UW-16 Weld Sizing Summary

Required weld | Actual weld

Weld description threat size (in) | throat slize {In)

Status

Nozzle to shell fillet (Legay) Q.LQQ&Z 0.0997 weld size is adequata

Calculations for internal pressure 379.94 psi @ 70 °F

Nozzle Impact test exempt per UHA-51(g)(coincident ratio = 0.02793).

Parallel Limits of reinforcement per UG-40

Ly

MAX(d, R, + (t,- C,) + {t-C)}

0.84in

it

Outer Normal Limits of reinforcement per UG-40

MIN{2.5%t - C), 2.5*(t, - C,) +1,)

Ly

0.3563 in

Nozzle required thickness per UG-27(c){1)

t P*R,/(S,E - 0.6°P)
379.938%0.42/(20,000*1 - 0.6*379.938)

0.0081 in

I

N

1]

1

MAX(0.84, 0.42 + {0.1425 - 0} + (0.1575 - 0))

MIN(2.5%(0.1575 - 0}, 2.5*(0.1425 - 0) + 0)
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Required thickness t, from UG-37(a)

li

P*RAS*E - 0.6"P)
379.938%6.195/(20,000%1 - 0.6*379.938)
0.1191n

t

T

L]

Area required per UG-S?(C)
Alfowable stresses: S, = 20,000, S, = 20,000 psi

fy=lesserof 1 orS,/S, =1
fo=lesserof1orS /S =1

A= dF 4+ 2% 1R - )
0.84*0.119%1 + 2*0.1425%0.119"4"(1 - 1)
= 01in?

Area available from FIG. UG-37.1
A, = larger of the following= 0.0125 in?

= dMEM- P - 2 E - P -6,
= 0.84*(0.85'0.1575 - 10,119} - 2'0.1425%(0.85%0.1575 - 1°0.119)*(1 - 1)
= 0.0125in?

= 2%(t+ (B PR - 2 ME T FRYH(E )
= 2"(0.1575 + 0.1425)*(0.85%0.1575 - 1*0.119) - 2*0.1425%(0.85%0.1575 - 1*0.119)*(1 - 1)
= 0.0089 in?

A, = smaller of the following= 0.0672 in?

= 2"(t, - to) *frz*Lpr
= 2*(6.1425 - 0.0081)*1"0.25
=  0.0672in?

= 2*(tn - tm) *er*Lpr
= 2%(0.1425 - 0.0081)*1*0.25
= 0.0672 in?

Ay = Leg¥i,
= 0.1425°*1
= 0.0203in?

Area = Aj+ A+ A,
= 0.0125 + 0.0672 + 0.0203
= Q1in?

As Area >= A the reinforcement is adequate.
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UW-16{c) Weld Check

Fillet weld: t_, =lesser of 0.750ort ort=0.1425in
Lomin) = lesser of 0.25 or 0.7*;, = 0.0997 in

tc[actuai} = 07*Leg = 0.7*01425 = 0.0998 iT‘I

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detall which conforms to Fig. UW-16.1, sketch (c-6).
ASME B16.11 Coupling Wall Thickness Check

Wall thickness req'd per ASME B16.11 21.1: t,, = 0.0106 in (E =1)
Wall thickness per UG-16(b): t, = 0.0625 in

Available nozzle wall thickness new, t, = 0.875*0.1425 = 0.1247 in

The nozzle neck thickness is adequate.
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Copy of Thermocouple (NB)

ASME Section Vill Division 1, 2007 Edition, A08 Addenda

tv«u{!{:\.\fer) = 0.18in
Leg,, = 0.1425in

Nota: round inside edges per UG-78{c)

Located on: Cylinder #1

Liquid static head included: 0 psi

Nozzle material specification: SA-312 TP304 Wld & smis pipe {II-D p. 90, In. 15)
Nozzle longitudinal joint efficiency: 1 '
Nozzie description: 0.500" Class 3000 - threaded
Nozzle orientation: 150°

Local vessel minimum thickness: 0.1575in

Nozzle center line offset to datum line:  12.86in

End of nozzle to shell center: 6.625 in

Nozzle inside diameter, new: 0.84in

Nozzle nominal wall thickness: 0.1425 in.

Nozzle corrosion allowance: 0in

Projection avaifable outside vessel, Lpr: 0.25in
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This nozzle passes through a Category A joint.

Reinforcement Calcufations for Internal Pressure

Avaifable reinforcement per UG-37 governs the MAWP of this nozzle.

UG-45 Nozzle
UG-37 Area Calculation Summary (in?) .V\Lall
For P = 273.56 psi @ 932 °F Thic ness
The opening |s adequately teinforced Summary (II’I)
The nozzle passes
UG-45
A A A
required | available A1 Az Az | s | olds treq tmin
0.1 0.1 0.0125 [0.0672 [~ {-- |0.0203 [0.0625 | 0.1247

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations
per UW-15({b){1)

UW-16 Weld Sizing Summary

Required weld Actual weld
throat size (in) | throat slze {in)

Weld description Status

Nozzle to shell fillet (Legs:)  {(.0997 0.0997 weld size is adequate

Calculations for internal pressure 273.56 psi @ 932 °F

Nozzle Impact test exempt per UHA-51(g)(coincident ratic = 0.02793).

Paralle! Limiis of reinforcement per UG-40

n

Ln MAX(d, R+ (t. - C) + {t- C))
MAX(0.84, 0.42 + (0.1425 - 0) + {0.1575 - 0))

0.84in

I

Ouier Normal Limits of reinforcement per UG-40

Ly MIN(2.5*(t - C), 2.5*(t, - G) +1,)
MIN(2.570.1575 - 0), 2.5*(0.1425 - 0) + Q)

0.3563 in

Nozzle required thickness per UG-27(c)(1)

t

2]

il

P*Rn/(Sn*E - 0.6"P)
273.55770.42/(14,400"1 - 0.6*273.557)
0.0081 in

Required thickness t, from UG-37(a)
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P*B/AS*E - 0.6*P)
273.557*6.195/(14,400™1 - 0.6°273.557)
0.119in

e
1

il

Area required per UG-37(c)
Allowable stresses: S, = 14,400, S, = 14,400 psi

f =lesserof 1 or 5./, =1
f,=lesserof 1 or8,/S, =1

A = dLF 2 F(T 1)
0.84*0.119"1 + 2°0.1425"0.119*1*{1 - 1)
0.11in?

Area available from FIG. UG-37.1
A, = larger of the following= 0.0125 in®

= dE M- FRY) - 2°L(E - PN - )
= 0.84*(0.850.1575 - 1*0.119) - 20.1425%(0.85%0.1575 - 1*0.119)*(1 - 1)
= 0.0125in2

= 2L+ t)(E M- P - 2 NE - PP (1 -1,)
= 2%0.1575 + 0.1425)*(0.850.1575 - 1*0.119) - 2*0.1425*(0.85*0.1575 - 1*0.119)*(1 - 1)
= 0.0089in?

A, = smaller of the following= 0,0672 in?

= 2yt el
= 27(0.1425 - 0.0081)*1*0.25
= 0.0672in?

= 2*(tn - trn) *fr2*Lpr
= 2%(0.1425 ~0.0081)*1*0.25
=  0.0672in?

A, = Leg¥i,
= 0.1425%*1
= 0.0203in?

Area = A +A+ A,
= 0.0125 + 0.0672 + 0.0203
= 0.1in?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check
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Fillet weld: 1, = lesser of 0.75 ort_ort = 0.1425In

tominy = lE8S€r 0f 0.25 0r 0.7, = 0.0997 in

toqaatuay = 0.7°Leg = 0.7+0.1425 = 0.0998 in

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch {c-g).

ASME B16.11 Coupling Wall Thicknaess Check

Wall thickness req'd per ASME B16.11 2.1.1: t,=0.0106in (E =1)
Wall thickness per UG-16(b}: t,=0.06251in
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Available nozzle wall thickness new, t, = 0.875"0.1425 = 0.1247 in

The nozzle neck thickness is adequate.

Reinfarcement Calculations for MAP

Available reinforcement per UG-37 governs the MAP of this nozzle.

UG-45 Nozzle
UG-37 Area Calculation Summary (in2) Wall
ForP = 375.94 psl @ 70 °F Thlcknes_s
The opening is adequately relnforced Summary (In)
The nozzle passes
UG-45
A A A :
required | avalfable A1 Az A3 A5 | elds treq tmin
01 (01 [0.0125|0.0672 |- |- |0.0203 |0.0625 | 0.1247

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength caiculations
per UW-15(b)(1)

UW-16 Weld Sizing Summary

Requlred weld Actual weld
throat slze {in} | throat skze {in)

Nozzle to shell fifla1 (Lagay) QHQ&Q_Z 0.0997 weld size is adequate

Weld description Status

‘Calculations for internal pressure 379.94 psi @ 70 °F
Nozzle Impact test exempt per UHA-51(g)(coincident ratio = 0.02793).

Parallel Limits of reinforcement per UG-40

it

Ln MAX{d, R, + (t,-C,) + (- C))
MAX(0.84, 0.42 + (0.1425 - 0) + (0.1575 - 0))

0.84in

L8

Outer Normal Limits of reinforcement per UG-40

Ly MIN(2.5%( - C), 2.5%(t - C.} +1,)
MIN(2.5%(0.1575 - 0), 2.5%(0.1425 - 0) + 0)

0.3563 in

fl

Nozzle required thickness per UG-27(c)(1)

P*R/(S,E - 0.6"P)
379.938"0.42/(20,0001 - 0.6*379.938)
0.0081 In

by
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Required thickness t, from UG-37(a)

t

P*R/S'E - 0.6"P)
379.938"6.195/(20,000%1 - 0.6*379.938)
0.118in

r

It

I}

Area required per UG-37(c) -
Allowable stresses: S = 20,000, S, = 20,000 psi

fy=lesserof 1 or S /S, = 1
fo=lesserof tor S /S, = 1

A

o't F + 2% F (1 -1)
0.84*0.119%1 + 270.1425*0.119*1*(1 - 1)
0.1in2

1§

Area available from FIG. UG-37.1
A, = larger of the following= 0.0125 in?

= d'(EM- PR - 2 M(E M- PR - 1)
= 0.84*(0.85°0.1575 - 1*0.119) - 2°0.1425%(0.85%0.1575 - 1*0.119)*(1 - 1)
= 0.0125in?

= 2M+)NES - B - 214 - PO - )
= 2%(0.1575 + 0.1425)*(0.85*0.1575 - 1*0.119) - 2°0.14257(0.85%0.1575 - 1*0.119)*(1 - 1)
= 0.0089 in2

A, = smaller of the following= 0.0672 in?

= 2 -t )L,
= 2%(0.1425- 0.0081)*1*0.25
=  0.0672in?

= 27t -t L,
= 2'(0.1425 - 0.0081)*1*0.25
= 0.0672in?

Ay = leg?i, -
= 0.1425%*1
= 0.0203in

Area = A+ A+ Ay
= 0.0125 + 0.0672 + 0.06203

= 01in?

As Area >= A the reinforcement is adequate.
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UW-16(c) Weld Check

Fillet weld: f,, = lesser of 0.75 or t, or t = 0.1425 in
tominy = l€88€r 0F 0.26 or 0.7, = 0.0997 in

bopaotay = 0-77Leg = 0.770.1425 = 0.0998 In

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to -ig. UW-16.1, sketch (c-e).
ASME B16.11 Coupling Wall Thickness Check

Wall thickness req'd per ASME B16.11 2.1.1:  t, = 0.0106 in (E =1)
Wall thickness per UG-16(b): ts = 0.0625 In

Available nozzle wall thickness new, {, = 0.8750.1425 = 0.1247 in

The nozzle neck thickness is adequate.
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Copy of Thermocouple (N7)

ASME Section VIl Division 1, 2007 Edition, A08 Addenda

tw(!ower) = 0.18in
Leg, = 0.1425in

Nots: round Inside edges per LG-78(0)

Located on: Cylinder #1
Liquid static head included: 0 psi

Nozzle material specification: SA-312 TP304 Wld & smis pipe (II-D p. 96, In. 15)
Nozzle longitudinal joint efficiency: 1

Nozzle description: 0.500" Class 3000 - threaded
Nozzle orieniation: 0°

Local vessel minimum thickness: 0.1575in

Nozzle center line offset to datum line:  3.98in

£nd of nozzle to shell center: 6.625 in

Nozzle insids diameter, new: 0.84in

Nozzle nominal wall thickness: 0.1425in

Nozzle corrosion allowance: 0in

Projection available outside vessel, Lpr: 0.25in
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This nozzle passes through a Category A joint.

Reinforcement Calculations for internal Pressure

Available reinforcement per UG-37 governs the MAWRP of this nozzle.

UG-45 Nozzle
UG-37 Area Calculation Summary (in?) Wall
For P = 273.56 psl . Thickness
= 273.56 psl @ 932 °F
The opening is adequately reinforced Summary (in)
The nozzle passes
UG-45
A A A
required | avallable Ay Az Az | As | s treq tmin
0.1 0.1 0.0125 | 0.0672 |-~ 1-- [0.0203 |0.0625 | 0.1247

UG-41 Weld Failure Path Analysis Summary

The nozzle Is exempt from weld strength calculations
per UW-15(b){1)

UW-16 Weld Sizing Summary

Required weld | Actuat weld
throat size (In} | throat size (in) Status

Weld desctiption

Nozzle to shell fillat {Legaq) Q‘Q_Q_az_ 0.0097 waeld size s adequate

Calculations for internal pressure 273.56 psi @ 932 °F

Nozzle Impact test exempt per UHA-51(g)(coincident ratio = 0.02793).

Parallet Limis of reinforcement per UG-40

MAX(d, R+ (t - C.) + (t- C))
MAX(0.84, 0.42 + (0.1425 - 0) + (0.1575 - 0))
0.841in

Ly

i}

Outer Normal Limits of reinforcement per UG-40

MIN(2.5%(t - C), 2.5*(t - C,) +1,)
MIN(2.5*(0.1575 - 0}, 2.5*(0.1425 - 0} + Q)
0.3563 in

Ly

Nozzle required thickness per UG-27{c}(1)

1

|

P*R/(8,"E - 0.6*F)
273.55770.42/(14,400"1 - 0.6"273.557)
0.0081 in

(3]

i

Required thickness {, from UG-37(a)
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P*RAS'E - 0.6°P)
273.55776.195/(14,400™1 - 0.68*273.557)
0.1191in

-
il i

bl

Area required per UG-27{(c)
Allowable stresses: S, = 14,400, S, = 14,400 psi

fy=lesserof 1 or § /S, =1
fo=lesserof 1or5. /S, =1

A = dF 2 MF(T 1)
= 0.84*0.119*1 + 2*0.1425"0.119*1*(1 - 1)
= 0.1in? '

Area available from FIG. UG-37.1
A, =larger of the following= 0,0125 in?

= dMEt- ) - 2B L PR 1)
= 0.84*(0.85%0.1575 - 1*0.119) - 2*0.1425%(0.85*0.1575 - 1*0.119)(1 - 1)
= 0.0125in2

= 2+ )MEM - F) - 2Bt - P - 1) -
= 2%0.1575 + 0.1425)*(0.85"0.1575 - 1*0.119) - 2*0.1425%(0.85*0.1575 - 1*0.119)*(1 - 1)
= 0.0089in2

A, = smaller of the following= 0.0672 in?

= 2"(t, - trn)*fr2*Lpr
= 27(0.1425 - 0.0081)*1*0.25
= 0.0672 in?

= 2t
= 270.1425 - 0.0081)*1*0.25
= 0.0672in2

Ay = Leg?i,
= 0.1425%*%
= (.0203in?

Area = A+ A+ Ay,
= 0.0125 + 0.0672 + 0.0203
= Q.1in?

As Area >= A the reinforcernent is adequate.

UW-18(c) Weld Check
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Fillet weld: 1, =lesser of 0.75 or t, ort = 0.1425 in

tominy = lE8SEr 0f 0.25 Oor 0.7*, = 0.0997 in

fogactuay = 0-77Leg = 0.7*0.1425 = 0.0998 in

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).

ASME B16.11 Coupling Wall Thickness Check

Wall thickness req'd per ASME B16.11 2.1.1: t, = 0.0106in (E =1)
Wall thickness per UG-18(b): t,=10.0625in
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Available nozzle wall thickness new, t_ = 0.875%0.1425 = 0.1247 in

The nozzle neck thickness is adequate.

Reinforcement Calculations for MAP

Available reinforcement per UG-37 governs the MAP of this nozzle.

UG-45 Nozzle
UG-37 Area Calculation Summary (in2) Wall
For B = 379.94 psl @ 70 °F Thickness
The opening Is adequately relnforced Summary (II'I)
The nozzle passes
UG-45
A A A
required | avallable A1 Az Az fAs [ ols traq tmin
0.1 0.1 0.0125 |0.0672 |-- |- 10.0203 10.0625 1 0.1247

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations
per UW-15{b)(1)

UW-16 Weld Sizing Summary

Required weld Actual weld

throat size (In} | 1hroat slze (in} Status

Weld description

Nozza to shell fillet (Leg4y) g.0097 0.0997 weld size is adequate

Calculations for internal pressure 379.94 psi @ 70 °F

Nozzle impact test exempt per UHA-51(g)(coincident ratio = 0.02793).

Parallel Limits of reinforcement per UG-40

Lp

]

MAX(d, R+ (t,-C+{t-C))
MAX{0.84, 0.42 + (01425 - 8} + {0.1575 - O))
0.84 in

tl

Outer Normal Limits of reinforcement per UG-40

Ly MIN(2.5%(t - C), 2.5*(t, - C,) +1,)
MIN(2.5*(0.1575 - 0), 2.5*(0.1425 - 0) + 0)

0.3563 in

0

Nozzle required thickness per UG-27(c)(1)

t

It

P*R /(S,’E - 0.6"P)
379.938"0.42/(20,000*1 - 0.6*379.938)
0.0081 in

T

I
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Required thickness t, from UG-37(a)

t P*R/(SE - 0.6"P)
379.938"6.195/(20,000™1 - 0.6*379.938)
0.118 in

1l

Area required per UG-37(c)
Allowable stresses: 8, = 20,000, S, = 20,000 psi

f.y =lesserof 1 or S /S, = 1
fp=lesserof 1orS /S, = 1

A

0L F + 21, F (1 - 1)
0.84*0.119%1 + 2*0.1425%0,119*1*(1 - 1)
0.1in2

Area available from FIG, UG-37.1
A, = larger of the following= 0.0125 in?

= dEMt- P - 2,0 (E - PR - 1)
= 0.84*(0.85"0.1575 - 1*0.1 19) - 2*0.1425%(0.85*0.1575 - 1*0.1 191 -1)
=  0.0125in?

= 2 EME T P - 20 (E - PR -
= 2%(0.1575 + 0.1425)*(0.85°0.1575 - 1°0.119) - 2°0.1425*(0.85%0.1575 - 1:0.119)*(1 - 1)
= 0.0089 in?

A, = smaller of the following= 0.0672 in?

=2 - ML,
= 2*(0.1425 - 0.0081)*1*0.25
= 0.0672in?

= 2*(tn b tm) *frz*Lpr
= 2*(0.1425 - 0.0081 ¥1*0.25
= 0.0672in2

Ay = Leg?f,
= (.1425%1
= 0.0203in?

Area = A1 + A, + A,
= 0.0125 + 0.0672 + 0.0203
= g1 in?

As Area >= A the reinforcement is adequate.
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UW-16(c) Weld Check

Fillet weld: t_,. = lesser of 0.75 ort, ort = 0.1425 in
Lmin = lesser of 0.25 or 0.7, = 0.0997 in

tomotoan = 0-77Leg = 0.7°0.1425 = 0.0998 in

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, skeich {c-e).
ASME B16.11 Coupling Wall Thickness Check

Wall thickness req'd per ASME B16.11 2.1.1: t, =0.0106 in (E =1)
Wall thickness per UG-16(b): te=0.0625 in

Available nozzle wall thickness new, 1, = 0.875%0.1425 = 0.1247 in

The nozzle neck thickness is adequate.
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Fill Nozzle (N8)
ASME Section VIl Division 1, 2007 Edition, A08 Addenda

tygowen = 0-18751in
Leg,; = 0.125in

Note: round inside edges par UG-78(c)

L.ocated on: Ellipsoidal Head #2
Liquid static head included: 0 psi

Nozzle material specification: SA-312 TP304 WId & smis pipe (I}-D p. 90, In. 15)
Nozzle longitudinal joint efficiency: 1

Nozzle description; 3" Sch 108

Nozzle orientation: ' 90°

Calculated as hiliside: yes

Local vessel minimum thickness: 0.18751n

End of nozzle to datum line: 49.5in

Nozzle inside diameter, new: 3.26in

Nozzle nominal wall thickness: 0.12in

Nozzle corrosion allowance: 0in

Opening chord length: 3.5004 in
Projection available outside vessel, Lpr: 5.3592 in

Distance to head center, R: 3.82in
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This nozzle passes through a Category A joint.

Reinforcement Calculations for Internal Pressure

Available reinforcement per UG-37 governs the MAWP of this nozzle.

UG-45 Nozzle
UG-37 Area Calculation Summary (in?) Wall
For P = 200.27 psl @ 932 °F Thickness
The opening Is adequately reinforced Summafv (m)
The nozzle passes
BS.45
A A A
raquired | available A1 Az As A5 | olds treq tmin
0.3156 [0.3156 |0.2423 | 0.0577 | - |-- [0.0156 | 0.0902 |0.105
UG-41 Weld Failure Path Analysis Summary
The nozzie is exempt from weld strength calculations
per UW-15(b)(1)
UW-16 Weld Sizing Summary
W sesorpton | end vt | petswme | g,
Nozzlo {0 shell fillat {L.eg.) 0.084 0.0875 weld size Is adequate

Calculations for internal pressure 209.27 psi @ 932 °F
Nozzle impact test exempt per UHA-51(g)(coincident ratio = 0.12871).
Parallel Limits of reinforcement per UG-40

Ln MAX(d, R, + {t, - C,) + (t - O))

MAX(3.5004, 1.7502 + (0.12 - 0) + (0.1875 - 0))
3.5004 in

H

Outer Normal Limits of reinforcement per UG-40

MIN(2.5*t - C), 2.5%(1,- C,) +1,)
MIN(2.5*(0.1875 - 0), 2.5*(0.12 - 0) + 0)
0.3in

by

1

Nozzle required thickness per UG-27(c)(1)

P*R/(S,'E - 0.6*P)
209.2707*1.63/(14,400*1 - 0.6*209.2707)
0.0239 in

I}

tn

i

Required thickness t, from UG-37(a)
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P*DI2*S7E - 0.2°P)
208.27"12.39/(2%14,400™1 - 0.2"209.27)
0.0s02"

B ounon

Area required per UG-37(c)
Allowable stresses: S, = 14,400, S, = 14,400 psi

f,=lesserof 1 orS5 /S, =1
fo=lesserof {1 orS /S, =1

A = dUF 2% MF(1 -6
3.500470.0902%1 + 2*0.12¥0.0902%1*{1 - 1}
0.3156in?

Area available from FIG. UG-37.1

!

A, = larger of the following= 0.2423 in?

= dVESt- P - 27 NE - PN - 1) :
= 3.5004%(0.85%0.1875 - 170.0902) - 2*0.12%(0.85*0.1875 - 1"0.0802)*(1 - 1)
= 0.2423 in?

= Y+ t)MEM- PR - 27 (B PR - 1)
= 2*0.1875 + 0.12)*(0.85"0.1875 - 1"0.0902) - 2*0.12*(0.85%0.1875 - 1*0.0902)*(1 - 1)
= 0.0426 in2

A, = smaller of the following= 0.0577 in?

= Bt -1t
=  5%"0.12-0.0239)*1*0.1875
= 0.0901in?

= 5*(tn - trn)*fm*tn
= 5*(0.12 - 0.0239)"1"0.12
= 0.0577 in?

A, = Leg?t,
= 0.125%"1
= Q.01561in?

Areg = A+ A+ Ay
= 0.2423 + 0.0577 + 0.0156
=  0.3158in2

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check
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Fillet weld: t,, = lesser of 0.75 ort, ort=0.12/in

tominy = 188861 0f 0.25 0r 0.7t = 0.084 in

tc(aclual) = OT*Leg = 0.7*0.1 25 = 0.0875 ln

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-g).

UG-45 Nozzle Neck Thickness Check

Interpretation Vill-1-83-66 has been applied.

Wall thickness per UG-45(a): t, =0.0239in (E =1}
Wall thickness per UG-45(b)(1): f.=10.0902in

Wall thickness per UG-16(b): ty=0.0625in
Standard wall pipe per UG-45(b)(4): t,=0.189in

The greater of t, or t,: ts =0.0902in

The lesser of t, or bz ts = 0.0802in
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Reguired per UG-45 is the larger of t, or {; = 0.0902 in
Available nozzle wall thickness new, t, = 0.875"0.12 = 0.105 in

The nozzle neck thickness is adequate.

Reinforcement Calculations for MAP

Available reinforcement per UG-37 governs the MAP of this nozzle.

UG-45 Nozzle
UG-37 Area Calculation Summary (in?) Th_‘ﬂ;’(a"
For P = 200.63 psi @ 70 °F lckness
The opening is adequately reinforced Summary (in}
The nozzle passes
UG-45
A A A
required | avatfable At A2 Az | As | erds treq titn
03157 |0.3157 10,2424 (10,0577 |-~ |~ |0.0156 |0.0902 {0.105

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations
per UW-15(b}(1)

UW-16 Weld Sizing Summary

Requlred weld Actual weld
Weld description throat size {in) | throatsize (in) Status
Nozzis to shall ilet (Legai) | 0.084 0.0875 weld size is adequate

Calculations for internal pressure 290.63 psi @ 70 °F
Nozzle Impact test exempt per UHA-51{g)(coincident ratio = 0.12871).

Parallel Limits of reinforcement per UG-40

Lr

MAX(d, R, + (t,- G} + (t- C))
MAX(3.5018, 1.7509 + (0.12 - 0) + (0.1875 - 0))-
3.5018in

1§

Outer Normal Limits of reinforcement per UG-40

L, MIN(2.5%(t - C), 25(t, - C,) +1,)
MIN{2.5"{0.1875 - 0), 2.5"(0.12 - 0) + 0)

0.3in

I

3

Nozzle required thickness per UG-27(c)(1)

1

P*R/S,’E - 0.6'P)
290.6275%1.63/(20,000*1 - 0.6*290.6275)

i
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0.0239in

Required thickness t, from UG-37(a)

t P*D*K / (2°S°E - 0.2*P)
290.63*12.39"1 / (2*20,000*1 - 0.2+290.63)

0.0902"

T

Area required per UG-37(c)
Allowable stresses: §, = 20,000, S, = 20,000 psi

fy=lesserof 1 or5,/S, =1
fo=lesserof 1 or 5,/8, =1

A

dHF + 27 LA - 1)
3.5018"0.0902*1 + 2*0.120.0902"1*(1 - 1)
0.3157 in? '

i

Il

Area available from FIG. UG-37.1
A, = larger of the following= Q.2424 in?

= (Bt P - 2 8E - PN - f)
= 3.5018%(0.85%0.1875 - 1*0.0902) - 2*0.127(0.85'0.1875 - 1*0.0902)*(1 - 1)
= 0.24241n2

= 2+ L)(EST- P - 2 H(E - PR -1 )
= 2"(0.1875 + 0.12)*(0.85"0.1875 - 1*0.0902) - 2*0.12*(0.850.1875 - 1*0.0902)*(1 - 1)
= 0.0426 in2

A, = smaller of the following= Q.0577 in?

= Bt -t MM
= 5*(0.12 - 0.0232)*1"0.1875
= 0.0901 in?

= 5*(tn - trn)*frﬂ‘“[n
= 5%(0.12 - 0.0239)*1*0.12
= 0.0577 in2 _

Ay = Leg®iy
= 0.125%1
= 0.0156 in?

Area = A +A,+ A
= 0.2424 + 0.0577 + 0.0156
= 0.3157in?

As Area »>= A the reinforcement is adeguate.
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UW-16(c) Weld Check

Fitet weld: t_;, = lesser of 0.75 ort, ort = 0.12/in

foqmny = lesSEr 0f 0.25 0r 0.77 = 0.084 in

togacuay = 0-7"Leg = 0.770.125 = 0.0875 in

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).

UG-45 Nozzie Neck Thickness Check

Interpretation VIII-1-83-66 has been applied.

Wall thickness per UG-45(a): t, =0.02391in (E =1)
Wall thickness per UG-45(b)(1): t, = 0.0902in

Wall thickness per UG-16(b): ts =0.0625in
Standard wall pipe per UG-45(b)(4): t, =0.189in

The greater of t,, or {4 t;=0.0902in

The lesser of t, or t,5: te=0.0002in

Required per UG-45 is the larger of {, or t; = 0.0902 in
Available nozzie wall thickness new, t, = 0.875*0.12 = 0.105 in

The nozzle neck thickness is adequate.
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Gas Inlet (N2)

ASME Section VIl Division 1, 2007 Edition, A08 Addenda

tw{Eower} = 0.1875 fn
Leg,, = 0.125in

Note: round inslde edgas per UG-78(c)

Located on;
Liguid static head included:
Nozzle material specification:

Nozzls longitudinal joint efficiency:

Nozzie description:

Nozzle orientation:

Calculated as hillside:

L.ocal vessel minimum thickness:
End of nozzle to datum line:
Nozzie inside diameter, new:;
Nozzte nominal wall thickness:
Nozzle cotrosion allowance:
Opening chord length:

Projection avaitable outside vessel, Lpr:

Distance to head center, R;

Ellipsoidal Head #2
Q0 psi

SA-312 TP304 Wid & smis pipe {I-D p. 90, In. 15}
1

1" Sch 108

270°

yes

0.18751in

45.51in

1.097in

0.109in

0in

1.1007 in

1.2197 In

1in
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This nozzle passes through a Category A joint.

Reinforcement Calculations for Internal Pressure

The thickness requirements of UG-45 govern the MAWP of this nozzle.

UG-45 Nozzle
UG-37 Area Calculation Summary (in% Wall
For P = 221.3 psi @ 932 °F Thlc}‘nes?
The opening is adequately reinforced Summary (ll'l)
The nozzle passes
UG-45
A A A
required | avallasle | A1 Az Az LA | elds treq tmin
0.0945 10,1514 |0.081 |0.0548 -~ |[-- |D.0158 |0.0953 | 0.0954

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations
per UW-15(b)(1)

UW-16 Weid Sizing Summary

Required weld | Actual weld Status

Weld description throat size (in} | throat size (In}

Nozzle to shell fillet (Leg41) | 0.0763 0.0875 weld siza is adequate

Calculations for internal pressure 221.3 psi @ 932 °F
Nozzle Impact test exempt per UHA-51{(g)(coincident ratio = 0.04768).

Parallel Limits of reinforcement per UG-40

H

Ln MAX(d, R, + (t, - C,) + (t- C))
MAX(1.1007, 0.5504 + (0.108 - 0} + (0.1875-0))

1.1007 in

Quter Normal Limits of reinforcement per UG-40

L, MIN(2.5%(t - C), 2.5t - C,) +1,)
MIN(2.5%(0.1875 - 0), 2.5*(0.109 - 0) + 0}

0.2725in

I}

1

Nozzle required thickness per UG-27(c){1}

t

il

il

P*R /(S,'E - 0.6'P)
. 221.2951*0,5485/(14,400*1 - 0.6*221.2951)
0.0085 in

I

Required thickness t, from UG-37(a}{(c)

55/83

v10.18.12 258 /424



I}

I}

PK,*DI(2'S"E - 0.2°P)

221.295170.9"12.39/(2*14,400%1 - 0.2"221.2951)

0.0858 in

Area required per UG-37{c)

Allowable stresses: S = 14,400, S, = 14,400 psi

T, =lesserof 1 or §,/§, =1
fo=lesserof 1 or 8./5, =1

A

i}

A'LF + M - 1)

1.1007*0.0858™1 + 2*0.109*0.0858*1*(1 - 1)

0.0945 in?

Area available from FIG. UG-37.1

A, = larger of the following= 0,081 in?

dH(Et- F1) - 2*1,"(E, - FAL)(1 - 1.,)
1.1007*(0.85%0.1875 - 1*0.0858) - 20.109*(0.85%0.1875 - 140.0858)*(1 - 1)

0.081 in?

25t + 1) (Ey"t - F*1) - 24, (E, "t - FH)*(d - 1)

2*(0.1875 + 0.109)*(0.85*0.1875 - 1*0.0858) - 2*0.109*(0.85*0.1875 - 170.0858)*(1 - 1)

0.0436 in?

A, = smaller of the following= 0.0548 in?

Area

As Area >= A the reinforcement is adequate.

5t -t )M
5%(0.109 - 0.0085)"1*0.1875
0.0942 in?

5*(tn - tm) *frz*tn
5*(0.109 - 0.0085)*1*0.109
0.0548 in?

Leg?*f,,
0.1252"1
0.0156 in?

A+ A+ Ay
0.081 + 0.0548 + 0.0156
0.1514 in?

UW-16(c) Weld Check
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Filletweld: t . = lesser of 0.75 ort ort=0.109in
bominy = leSSEr 0f 0.25 or 0.7t = 0.0763 in

totactuay = 0-7°Leg = 0.770.125 = 0.0875 in

The fillet wald size is satisfactory.
Weld strength calculations are not required for this detail which conforms to Fig. UW-18.1, sketch (g-a).
UG-45 Nozzle Neck Thickness Check

Interpretation VIiI-1-83-66 has been applied.

Wall thickness per UG-45(a); t, = 0.0085 in (E =1)
Wall thickness per UG-45(b)(1): t, =0.0953 in
Wall thickness per UG-16(b}): 1. =0.0625in
Standard wall pipe per UG-45(b)(4): t, =0.1164in
The greater of t, or t 5. ts=0.0953in
The lesserof t, ort: ts=0.0953in
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Required per UG-45 is the farger of t, ort = 0.0953 in
Available nozzle wall thickness new, t, = 0.875%0.109 = 0.0954 in

The nozzle neck thickness is adequate.

Reinforcement Calculations for MAP

The thickness requirements of UG-45 govern the MAP of this nozzle.

‘ UG-45 Nozzle
UG-37 Area Calculation Summary (in%) Th'v‘{(a“
For P = 307.35 psl @ 70 °F IcKness
The opening Is adequately reinforced Summary (in)
The nozzle passes
UG-45
A A A
required | avaitabte | A1 Az Az [As | ows Yeq tmin
00045 101314 (0.081 (0.0948 |-- |-- [0.0156 |0.0953 (0.0954

UG-41 Weld Failure Path Analysis Summary

The nozzie is exempt from weld strength calculations
per UW-15(bj)(1)

UW-16 Weld Sizing Summary

Required weld Actual weld
throat size (In) { throeat size (in)

Weld description Status

Nozzle to shef fillet (Leg41) | 0.0763 0.0875 weld size is adequata

Calculations for internal pressure 307.35 psi @ 70 °F

Nozzle Impact test exempt per UHA-51{g}(coincident ratio = 0.04768).

Parallel Limits of reinforcement per UG-40

Ln MAX(d, R, + (t,- C,) + (t- G)
MAX(1.1007, 0.5504 + (0.109 - 0} + (0.1875 - 0))

1.1007 in

i

Outer Normal Limits of reinforcement per UG-40

Ly

1}

MIN{2.5*(t - G}, 2.5"(t, - C,)) + 1)
MIN(2.5%(0.1875 - 0), 2.5*(0.108 - 0) + 0)
0.2725in

1l

il

Nozzie required thickness per UG-27{c)(1)

1

P*R /(S,'E - 0.6'P)
307.351%0.5485/(20,000"1 - 0.6*307.351)

n
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= 0.0085 in
Required thickness t,from UG-37(a)(c)

t

T

]

P*K,*D/(2'S"E - 0.2°P)
307.351%0.9*12.39/(220,000*1 - 0.2*307.351)
0.0858 in

Area required per UG-37(c)
Allowable stresses: §, = 20,000, S, = 20,000 psi

fy =lesserof 1 or §,/5, = 1
fo=lesserof 1 or §,/8, =1

A d"F + 2T (1 - 1)

1.1007*0.0858"1 + 2*0.109*0.0858*17(1 - 1)
0.0945 in?

It

I

Area available from FIG. UG-37.1
A, = larger of the following= 0.081 in®

= dMEt- P - 2 E - PR - )
= 1.1007*(0.85%0.1875 - 1*0.0858) - 2°0.109*(0.85%0.1875 - 1*0.0858)*(1 - 1)
= 0.081in?

= 2t t)ME M- P - 2 0 (E - PR - )
= 2%0.1875 + 0.109)*(0.85*0.1875 - 1*0.0858) - 2*0.109%(0.85*0.1875 - 1*0.0858)*(1 - 1)
= 0.0436 in?

A, = smaller of the following= 0.0548 in?

= Bt -t )
= 5%(0.109 - 0.0085)*1*0.1875
= 0.0942 in?

= 5*(tn - trn)*‘frzi{‘tn
= 5*(0.109 - 0.0085)*1*0.108
= 0.0548 in?

A, = leg®f,
= 0.125%*1
= 0.0156in?

Area = A1 + Az + A41
= 0.081 + 0.0548 + 0.0156

0.1514 in?

il
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As Area >= A the reinforcement is adequate.

UW-16{c) Weld Check

Fillet weld: t  =lesser of 0.75 ort,ort = 0.109 in

tominy = lesser of 0.25 or 0.7, = 0.0763 in

ofactaay = 0-7°LEg = 0.7*0.125 = 0.0875 in

The fillet weid size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig, UW-16.1, sketch (c-e).

UG-45 Nozzle _Neck Thickness Check

Interpretation VIIi-1-83-66 has been applied.

Wall thickness per UG-45(a): t; = 0.0085in (E =1)
Wall thickness per UG-45(b}(1): t, = 0.0953 in
Wall thickness per UG-16(b): " 1, =0.06250n
Standard wall pipe per UG-45(b}{4): t,=0.1164in
The greater of t, or t 5 ts = 0.0953 in
The lesseroft,ort,y: te=0.0953in

Required per UG-45 is the larger of ., or t4 = 0.0953 in
Available nozzle wall thickness new, t, = 0.8750.109 = 0.0954 in

The nozzie neck thickness is adequate.
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Gas Outlet (N1)
ASME Section VIl Division 1, 2007 Edition, A0S Addenda

toiowery = 01875 in
Leg,; = 0.1091in

Note: round inside edges per UG-75(c)

Located on: Ellinsoidal Head #1
Liquid static head included: 0 psi

Nozzle material specification: SA-312 TP304 Wid & smis pige (II-D p. 90, In. 15)
Nozzle longitudinal joint efficiency: 1

Nozzle description: 1" Sch 108

Nozzle orientation: 0°

Calculated as hiliside: no

Local vessel minimum thickness: 0.1875in

End of nozzle to datum line: -5.761n

Nozzle inside diamater, new: 1.097 in

Nozzle nominaj wall thickness: 0.109in

Nozzle corrosion allowance: 0in

Projection avaitable outside vessel, Lpr: 0.9825 in

Distance fo head center, R: 0in
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This nozzle passes through a Category A joint.

Reinforcement Calculations for Internat Pressure

The thickness requiremnents of UG-45 govern the MAWP of this nozzle.

UG-45 Nozzie
UG-37 Area Calculation Summary (in?) Wall
For P = 221.3 psl @ 932 °F ThICRnes,s
The opening Is adequately relnforced Summary (in)
The nozzle passes
UG-35
A A A
required | available A1 A2 As fAs | yelds tren fmin
0.0941 0.1474 0.0807 (0.0548 |-- |-~ |0.0119 | 0.0953 |0.0954

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations
per UW-15(h)(1)

UW-16 Weld Sizing Summary

Required weld Actual weld
Weld description throat slze {in} | throat slze (in) Status
Nozzls fo shefi fillet {Legany | D.0763 0.0763 wold siza Is adequate

Calculations for internal pressure 221.3 psi @ 932 °F
Nozzle Impact test exempt per UHA-51{g)(coincident ratio = 0.04768).

Parallel Limits of reinforcement per UG-40

It

L, MAX(d, R, + (t,- C,) + (t- C})
MAX(1.097, 0.5485 + (0.109 - 0) + (0.1875 - Q)

1.097 in

]

Quter Normal Limiis of reinforcement per UG-40

L, MIN(2.5%(t - C), 2.5™(t, - G.) +1.)
MIN(2.5%(0.1875 - 0), 2.5%(0.109 - 0) + 0}

0.27251in

il

]

I

Nozzle required thickness per UG-27{c){1)

t P*R /(S,E - 0.6P)
221.2951*0.5485/(14,400*1 - 0.6*221.2951)

0.0085in

m

1]

Required thickness t, from UG-37(a)(c)
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et
|

P*K,*D/(2*S*E - 0.2*P)
221.2951*0.9*12.39/(214,400"1 - 0,2221.2951)
0.0858 in

il

1§

- Area required per UG-37(c)
Allowable stresses: S = 14,400, S, = 14,400 psi

f,=lesserofiorS /S, =1
fio=lesserof 1 or S /S, =1

A = dUF+ 2t 1)
= 1.097°0.0858"1 + 2*0.109*0.0858"1*(1 - 1)
= 0.0941 in?

Area avallable from FIG. UG-37.1
A, = larger of the following= 0.0807 in?

= d(EM- P - 2Bt ) - 1)
= 1.097*(0.85"0.1875 - 1*0.0858) - 2°0.109%(0.85%0.1875 - 1*0.0858)*(1 - 1)
= 0.0807in2

= 2+ t)E - B - 2 5B - P - £y
= 2%(0.1875 + 0.109)*(0.85%0.1875 - 1°0.0858) - 2°0.109*(0.850.1875 - 10.0858)"(1 - 1)
= 0.0436in2

A, = smaller of the following= 0.0548 in?

= Bt -t )t
=  5°(0.109 - 0.0085)*1*0.1875
= 0.0942in?

= 5*(tn - l’rn) *frz*tn
= 5*(0.109 - 0.0085)*1*0.109
= 0.0548 in®

Ay = Leg¥i,
= 0.1092"1
= 0.0118 in?

Area = A+ Ay + Ay
= 0.0807 +0.0548 + 0.0119
= 01474 in?

As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check
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Fillet weld: t,, = lesser of 0.75 ort ort=0.108 in

tomimy = l€8SEF OF 0.25 0r 0.7*,,, = 0.0763 in

Lotactuay = 0.7"Leg = 0.7"0.109 = 0.0763 in

The fillet weld size is satisfactory.

Weld sirength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).

UG-45 Nozzle Neck Thickness Check

Interpretation Viil-1-83-66 has been applied.

Wall thickness per UG-45(a): t, =0.0085in (E =t)

Wall thickness per UG-45(b)(1): t,=0.0953in

Wall thickness petr UG-16(b): ts=0.06251in

Standard wall pipe per UG-45(b)(4): t,=0.1164in

The greater of t,, or {5 ts=0.0953in

The lesser of ,, or t: ts=0.0953in -
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Required per UG-45 is the farger of t,, or t ; = 0.0953 in

Available nozzle wall thickness new, t, = 0.875%0.109 = 0.0954 in

The nozzle neck thickness is adequate.

Reinforcement Calculations for MAP

The thickness requirements of UG-45 govern the MAP of this nozzle.

UG-37 Area Calculation Summary (in2)

For P = 307.35 psl @ 70 °F
The opening s adequately reinforced

UG-45 Nozzle
Wall
Thickness
Summary (in)

The nozzie passes
LG-45

. A A
recuired | available

Ap

Az | As

A

welds roq Ymin

0.0041 10.1474 | 0.0807 |0.0548 |-

0.0119 10.0953 10.0954

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations
per UW-15(b)(1)

UW-16 Weld Sizing Summary

Required weld Actual weld
Weld description throat size (in)} | throat size (in) Status
Mozzle to shefl fillst (Legar) | 3.0763 0.0763 weld size is adequate

Calculations for internal pressure 307.35 psi @ 70 °F

Nozzle Impact test exempt per UHA-51(g){coincident ratio = 0.04768).

Parallel Limits of reinforcement per UG-40

Lg

Il

1.087 in

MAX(d, R, +{t - C) + {t- C))
MAX(1.097, 0.5485 + (0.109 - 0) + (0.1875 - 0))

Outer Normal Limits of reinforcement per UG-40

Ly

il

MIN(2.5*(t - C), 2.5%(t, - C,) + 1)
MIN(2.5*(0.1875 - 0}, 2.5%(0.109 - 0) + 0)
0.2725in

Nozzle required thickness per UG-27(c)(1)

t

i

m

PR /(8,"E - 0.6"P)
307.35170.5485/(20,000"1 - 0.6*307.351)
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= 0.0085 in
Required thickness t, from UG-37(a)(c)

1

r

It

P*K*D/(2'S"E - 0.2*P)
307.3510.9"12.39/(2*20,000"1 - 0.2*307.351)
0.0858 in

Il

Area required per UG-37(c)
Allowable stresses: 8, = 20,000, S, = 20,000 psi

f;=lesserof 1 orS /8, =1
fp =lesserof 1 or S/S, = 1

A dM,F + 27 FN ()
1.097*0.0858"1 + 2%0.109%0.0858"1*(1 - 1)

= 0.0041in

Area available from FIG. UG-37.1

A, =larger of the foliowing= 0.08Q7 in?

= dNESt-F) - 2 EM - Pt - 1)
= 1.097*(0.85%0.1875 - 1*0.0858) - 2*0.108*(0.85"0.1875 - 1*0.0858)*(1 - 1)
= 0.0807in?

= 2(t+ U)ME - P - 2L ME - FrOH( - 1)

= 2*(0.1875 + 0.109)*(0.85"0.1875 - 1*0.0858) - 2"0.109*(0.85*0.1875 - 1*0.0858)*(1 - 1)

= 0.0436 in?
A, = smaller of the following= 0.0548 in®

= Bt~ ),
= 5%0.108 - 0.0085)*1*0.1875
= 0.0942in2

= 5%ty - 1) ™,
= 5*(0.109 - 0.0085)*1*0.109
= 0.0548 In2

A, = Leg¥f,
= 0.1082*1
= 0.0119in?

Area = A+ A+ A,
= 0.0807 + 0.0548 + 0.0119

= 01474 In?
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As Area >= A the reinforcement is adequate.

UW-16(c) Weld Check

Fillet weld: t = lesser of 0.75 or t, or t = 0.109 in

toominy = lesser of 0.25 or 0.7, = L.O763 in

ytactoay = 0-7°L6Q = 0.70.109 = 0.0763 in

The fillet weld size is satisfactory.

Waeid strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).

UG-45 Nozzle Neck Thickness Check

interpretation VIi-1-83-66 has been applied.

Wall thickness per UG-45(a): t, = 0.0085in (E =1}
Wall thickness per UG-45(b){1): t,=0.0953in
Wall thickness per UG-16({b): ts=0.0625in
Standard wall pipe per UG-45(b)(4): t, = 0.1164 In
The greater of {, or t.g: ts=0.09853in
The lesser of t, of {5 te =0.0953 in

Required per UG-45 is the larger of t, or t, = 0.0953 in

Available nozzle wall thickness new, t, = 0.8750.109 = 0.0954 in

The nozzle neck thickness is adequate.
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Thermocouple (N3)

ASME Section ViII Division 1, 2007 Edition, A08 Addenda

tw(lower) = 0.18in
Leg, = 0.1425in

Nete: round Inside edges per UG-78(c)

Located on: ~ Cylinder #1

Liquid static head included: 0 psi

Nozzle material specification; SA-312 TP304 Wid & smls pipe (lI-D p. 90, In. 15)
Nozzle longitudinal joint efficiency: 1

Nozzle description: 0.500" Class 3000 - threaded
Nozzle orientation: ge '

Local vessel minimum thickness: 0.1575 in

Nozzle center line offset to datum line:  37.51in

End of nozzle to shell center: 6.625in

Nozzle inside diameter, new: 0.84in

Nozzle nominal wall thickness: 0.1425in

Nozzle corrosion allowance: 0in

Projection available outside vessel, Lpr: 0.25in
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This nozzle passes through a Category A joint.

Reinforcement Calculations for Internal Pressure

Available reinforcement per UG-37 governs the MAWP of this nozzls.

UG-45 Nozzle
UG-37 Area Calculation Summary (in2) Wall
For P = 273.56 psl @ 632 °F Thickness
The opening is adequately reinforced Summary (II"I)
The nozzla passes
UG-45
A A A
required | available A1 A2 Az | As 1 welds treq tenin
01 {04 |oo0125 {00672 |- |- 10.0203 [0.0625 | 0.1247

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations
per UW-15(b)(1)

UW.16 Weld Sizing Summary

Required weld Actual weld
Weld description throat size (in} | throat size {In) Status

Nozzle to shell fillet {Lega1) 0.0997 0.0997 wold size is adeguata

Calculations for internal pressure 273.56 psi @ 932 °F

Nozzie Impact test exempt per LIHA-51(g)(coincident ratio = 0.02793).

Paraliel Limits of reinforcement per UG-40

MAX({, R, + (t,- C,) + {t- C))
MAX(0.84, 0,42 + (0.1425 - 0) + (0.1575 - 0))
0.84in

Ly

]

Cuter Normal Limits of reinforcement per UG-40

MIN(2.5%t - C), 2.5t -C,) +1,)
MIN(2.5%(0.1575 - 0), 2.5*(0.1425 - 0) + 0)
0.3563 in

Ly

]

1l

Nozzle required thickness per UG-27(c)(1)

P*R./(S,"E - 0.6"P)
273.557%0.42/{14,400*1 - 0.6*273.557)
0.0081in

Irn

Required thickness i, from UG-37(a)
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P*R/(S*E - 0.6"P)
273.55776.195/(14,400"1 - 0.6*273.557)
0.1181in

r—r
il

il

]

Area required per UG-37(c)
Allowable stresses: S = 14,400, S, = 14,400 psi

f.y=lesserof 1 or§ /8, =1
fo=lesserof 1 or§./S, =1

A

A °F + 2, MR - £ )
0.84*0.119%1 + 2*0.1425*0.119"1*(1 - 1)
0.1in?

Area available from FIG. UG-37.1
A, = larger of the following= 0,0125 in?

= ONE - P - 2% HE - PROME - 1)
= 0.84*(0.85°0.1575 - 1*0.119) - 20.1425%(0.85*0.1575 - 1°0.119)*(1 - 1)
= 0.0125in2

= 2+t (EM- PR - 2N (EM - PR 1)
= 2*0.1575 + 0.1425)*(0.85*0.1575 - 1*0.118) - 20,1425*(0.85*0.1575 - 1*0.119)*(1 - 1)
= 0.0089 in?

A, = smaller of the following= 0.0672 in?

= 2°(t, - 1) *fr2*Lpr
= 27(0.1425 - 0.0081)"1%0.25
= 0.0672in?

= 2*(tn - trn)”‘frzwl‘pr
= 2"(0.1425 - 0.0081)*1*0.25
= 0.0672in2

A, = Leg?f,
= 0142571
= 0.02031n?

Area = A+ A+ A
= 00125+ 0.0672 + 0.0263
= u in2

As Area >= A the reinforcerent is adequate.

UW-16(c} Weld Check
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Fillet weld: t,, =lesser of 0.75 or t ort=0.1425in

tominy = 1€88€r 0f 0.25 0r 0.7*,, = 0.0997 in

totactuay = 0-7°LEQ = 0.770.1425 = 0.0998 in

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).

ASME B16.11 Coupling Wall Thickness Check

Wall thickness req'd per ASME B16.11 2.1.1: t, = 0.0106 in (E =1)
Wall thickness per UG-16(b): ta=0.0625in
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Available nozzle wall thickness new, t, = 0.875*0.1425 = 0.1247 in

~ The nozzle neck thickness is adequate.

Reinforcement Calculations for MAP

Availabte reinforcement per UG-37 governs the MAP of this nozzle.

UG-45 Nozzle
UG-37 Area Caiculation Summary (in?) 'Wa!i
For P = 370.94 psi @ 70 °F Thickness
The opening Is adeqiately relnforced Summary ({in)
Tha nozzle passes
UG-45
A A A ‘
required | available A1 Az Az | As | Lalds teq tmin
0d 041 0.0125 10.0672 |- |- [0.0203 10.0625 10.1247

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations
par UW-15(b)}(1)

UW.16 Weld Sizing Summary

Required weld Actual weld
throat size (in) | throat slze {In)

Nozzle 1o shell fllst {Legs) | 0.0997 0.0997 weld size Is adequate

Weld description Status

Calculations for internal pressure 379.94 psi @ 70 °F
Nozzle Impact test exempt per UHA-51{g)(coincident ratio = 0.02793).

Parallef Limits of reinforcement per UG-40

Ln MAX(d, R+ (t - C,) + (t- C))
MAX(0.84, 0.42 + (0.1425 - 0) + (0.1575 - 0))

0.84 in

1l

Quter Normal Limits of reinforcement per UG-40

Ly MIN(2.5%(t - C), 2.5%(t, - C,) + t.)
MIN(2.5*(0.1575 - 0), 2.5*(0.1425 - 0} + 0)

0.3563 in

Nozzle required thickness per UG-27(c)}{(1)

1

n

P*R./(S,'E - 0.6"P}
3792.93870.42/(20,000™1 - 0.6%379.938)
0.0081in
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Required thickness t_from UG-37(a)

t P*R/(S*E - 0.6"P)
379.938"6.195/(20,000*1 - 0.6*379.938)

0.1191in

r

Area required per UG-37(c)
Allowable stresses: S = 20,000, S, = 20,000 psi

f.y = lesserof 1 or $./S, = 1
fio = lesserof 1 or § /S, =1

A

d*t'F + 2°, " FH (1 - 1)
0.84%*0.119*1 + 2"0.1425*0.119*1*(1 - 1)
g.4in2

H

il

Area available from FIG. UG-37.1
A, = larger of the following= 0.0125 in?

= dYEMt- ) - 24 B (T -
= 0.84*(0.85"0.1575 - 1*0.119) - 2°0.1425*(0.850.1575 - 1°0.119)*(4 - 1)
= 0.0125in2

= 2t (E - P - 2 (E - P -
= 2%(0.1575 + 0.1425)"(0.85°0.1575 - 1*0.119) - 20.1425%(0.85%0.1575 - 1*0.119)(1 - 1)
= 0.0089 in2

A, = smaller of the following= 0.0672 in?

= 2, "L,
= 290.1425- 0.0081)*1*0.25
= 0.0672in?

= 2*(tn B trn) *fr2*Lpr
= 2*(0.1425 - 0.0081)*170.25
= 0.0672 in®

= 0.14252*1
= 0.0203in?

Area = Aj+A,+ Ay
= 0.0125 + 0.0672 + 0.0203
= Q.1in?

As Area >= A the reinforcement Is adequate.
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UW-16(c) Weld Check

Fillet weld: t ;. = iesser of 0.75 ort, ort = 0.1425in
toqminy = lesS€r 0F 0.25 01 0.7*1 = 0.0997 in
{otactuan = 0.7*Leg = 0.770.1425 = 0.0998 in

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which conforms to Fig. UW-16.1, sketch (c-e).
ASME B16.11 Coupiing Wall Thickness Check

Wall thickness req'd per ASME B16.11 2111 t,=0.01061In (E =1)
Wall thickness per UG-16(b): t,3 = 0.0625 in

Available nozzle wall thickness new, t, = 0.875%0.1425 = 0.1247 in

The nozzle neck thickness is adequate.
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Geometry

Height(radial):

Width (circumferential):
Lengih

Fillet Weld Size:
Location Angle:

Applied Loads

Radial load:
Circumferential moment;
Circumferential shear:
Longitudinal moment:
Longitudinal shear:
Torsion moment:
Internal pressure:

Mean shell radius:

Shell yield stress:

Clip #1

1||
1"

0.5"

0.25"

30.00°

P= 0 Iby
M= 0 lb-in
VC= 0 Ibi
M=20 lb-in
Vi = 1,500 Ib
M= 0 lb-in
P= 165 psi
R, = 82738 in

S, = 16,000 psi

~
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Maximum stresses due to the applied loads at the fug edge (includes pressure)
R, /1=6.2738/0.1575 = 39.8333

C;=0.75C,=0.51n

Local circumferential pressure stress = P*Ry/t =6,490 psi

Local longitudinal pressure stress = P*R/2t =3,245 psi

Maximum combined stress (P +P +Q) = 10,062 psi
Allowable combined siress (P +P +Q} = +-3"5 = +-43,200 psi

Note: The allowable combined stress (P +P_+Q) Is based on the strain hardening characteristics of this material.
The maximum combined siress (P,+P +Q) is within allowable fimits.

Maximum logal primary membrane stress (P.) =.6,490 psi
Allowable focal primary membrane {P)=+15"8 = +-21,600 psi

The maximum local primary membrane slress ( P.) is within allowable limits.
Stresses at the lug edge per WAC Bulletin 107

Figure jvalue| § |[A, (A |B, (B | C, | C | D, | D
ac* | 8227 0.0%61 |0 0 c ¢4 0 0 4] ¢]
4C* 6.8235 |0.1087 [0 0 0 0 9 0 s} 1]
1C 0.1203 | 0.11 o 0 0 0 0 g 0 0
2C-1 0,0841 0.11 0 [+] 0 0 4 0 0 0
3A* 12927 (01044 |0 0 ¢ ¢ 0 G 0 0
1A 60828 [0.1201 | O 0 0 0 0 0 Y o
3B 39060 ]0.0012 jO 0 0 ju o g 0 0
1B-1 00476 [0.0958 |0 0 4 0 s ¢ o g
Pressure siress*® 6,480 | 6,490 [ 6,480 | 6,490 | 5,480 }6,490 |6,490 |6,480

Total circumferentlal stress | 6,490 | 6,490 [ 8,490 | 6,490 {6400 |8.490 [8,490 |6.400

fl'ri;::{emr{;:{::t’;ss, 8,490 | 6,450 [ 6,490 | 6490 {6490 |e400 [8490 |6.490
ac 58908 [0.1087 |0 0 9 o 2 2 0 o
4 59932 00881 [0 0 o 2 0 0 0 0
101 o.1ze8  |o.1000 |o 0 0 o 0 0 0 o
26 oos04 fo.to0m |0 ) 0 0 0 0 0 0
4A¥ 18401 Jo1044 Jo 0 0 0 ) o 0 0
2A 00521 |o0.1103 o b o 0 0 0 0 0
=3 1.0895 | 0.0812 |0 0 0 e 0 o 0 0
28-1 00754 |o.0085 |o 0 a 0 3 a 0 0
Pressure stress” 3,245 | 3,245 | 3,245 | 3,245 [ 3,245 {3,245 |3,245 [3,245
Total longitudinal stress 3,245 | 3,245 [ 3,245 (3245 132458 |30245 |3.245 |3245
. ZZ:;%:::Q?::: 3,245 2,245 [3245 [8245 [ 3245 [5245 [5245 [3248
Shear from My i 0 0 ¢ 0 34 0 0 0
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Clrc shear from V¢ 0 ja} o} Q [¢] 0 0 4]

Long shear from V. 0 o 0 o} 4,762 | 4,762 | 4,762 4,762

Total Shear stress 4] 0 a ] 4,762 | -4,762 |A762 | 4,762

Combined stress (PL+Pp+Q) | 6,450 | 5,490 | 8,480 ) 6,490 | 10,082 | 10,082 | 10,062 | 10,062

Note: * denotes primary stress.
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Clip #2

Geometry

Height(radial): 1"
Width (circumferential): 1”
Length 0.5"
Fillet Weld Size: 0.25"
Location Angle: 150.00°

Applied Loads

Radial load: P,= 0 o
Circumferential moment: M_= 0 foe-in
Circumferential shear: V.= 0 by
Longitudinal moment: M, = 0 lbg-in
Longitudinal shear: Vi = 1,500 ib,
Torsion moment: M= 10 tb-in
Internal pressure; P= 165 psi
Mean sheil radius: R, = 6.2738 in
Shell vield stress: S, = 16,000 psi
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Maximum stresses due fo the applied loads at the lug edge (includes pressure)
R, /t=6.2738/0.1575 = 39.8333

C, = 0.75,C, = 0.5in

Local circumferential pressure stress = P*Ry/t =6,490 psi

Local longitudinal pressure stress = P*R/2t =3,245 psi

Maximum combined siress (P +P +Qj = 10,062 psi
Allowable combined stress (PL+Pb+Q) = +-3*S = +-43,200 psi

Note: The allowable combined siress (P +P_+Q) is based on the strain hardening characteristics of this material.
The maximum combined stress (P +P,_+Q) is within allowable limits.

Maximum local primary membrane stress (P ) = 6,490 psi
Allowable local primary membrane (P.) = +-1.5"S = +-21,600 pst

The maximum local primary membrane stress (P) is within allowable limits.

Stresses at the lug edge per WRC Bulletin 107

Figure |value| B | A, | A |B, B | C, | C | D, | D
3C* 6.227 |0.0981 |0 0 o 0 0 0 0 0
ac* 68235 |o.1087 Jo 0 0 0 0 o 0 0
iC 01203 |01 o 0 0 0 0 0 i o
2C-1 ao841 |ott |0 9 0 0 0 0 0 i}
3A 1.2927 Jo0.1044 Jo 0 0 G 0 0 0 0
1A 00820 |g1201 fo o c 0 0 o ] 0
3B* {3.9m62 |00912 fo 0 0 ] ] ¢ 0 0
1B-1 0.0476 00958 |0 0 ) o ) 0 0 o
Pressure stress* 6,490 | 6,490 | 6,480 o400 | 6490 {5430 |s490 6490

Total clrcumferential stress | 6,490 | 6,490 [ 6,490 | 6,490 | 6,490 |6,490 16,490 |8,400

fi’r':lf““f’e’r'l‘::;;’:"‘;s - 6,490 (6,480 16,490 | 8,480 {6400 6400 |6400 |e4n0
ac sBese fotoe7 [0 lo Jo fo o 0 0 0
ac goos2 |ooest Jo o fo [0 o 6 0 0
1641 vizes Jodos o jo |0 lo e 0 0 o
2C ooso4 |otoee]o o e [ o 0 0 0
an 1a401 [ot044 [0 fo e jo e 0 0 6
2A ooszt |ostes o |o fo [0 o 0 0 0
g 100 [oostz o fo |o o | 0 8 0
2B-1 oorse foosss o e Jo [o o 0 0 0
Pressure stross* 3,245 [ 3,245 | 3,245 [ 3,245 13245 [3,245 |3245 |a248
Total longitudinal stress 3,245 |3.245 | 3,245 3,245 | 3245 |a2a5 |s245 |3,245
Primary membrane 3245 [a.245 {3245 13245 {5245 |3245 o245 |3245

longltudinal stress*

Shear from My 0 a o 0 0 0 0 0
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Circ shear from V¢ 1] ¢ |o 0 0 o 0 0
Long shear fram Wy Q Q 0 [¢] -4,762 ) -4,762 | 4,762 | 4,762
Total Shear stress o} o] 0 0 -4,762 |-4,762 | 4,762 | 4,762
Combined stress (PL+Pp+Q} | 6,490 | 6,490 | 6,460 | 6,490 [ 10,082 | 10,062 § 10,082 10,082

Note: * denotes primary stress.
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Clip #3

Geometry

Height{radial): 1"

Wigth (circumferential): 1"

Length 0.5"

Fillet Weld Size: 0.25"

Location Angle: 270.00°

Applied Loads

Radial load: P= 0 [
Circumferential moment: M, = 0 ibrin
Circumferential shear:  V_ = 0 oy
Longitudinal moment: M = 0 be-in
Longitudinal shear: V.= 1,500 b,
Torsion moment: M= 0 lb-in
Internal pressure; P= 165 psi
Mean shell radius: R, = 6.2738 in
Shelt yield stress: S, = 16,000 psi
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Maximum stresses due fo the applied loads at the lug edge (includes pressure)

R, /t=86.2738/0.1575 = 39.8333

Cy=0.75,C, = 0.5in

Local circumferential pressure stress = P*R/t =6,490 psi

Local longitudinal pressure stress = P*R/2t =3,245 psi

Maximum combined stress (P +P +Q) = 10,062 psi
Allowable combined stress (PL+Pb+Q) = +-3"8 = +-43,200 psi

Note: The allowable combined stress (P +P,+Q) is based on the strain hardening characteristics of this material.

The maximum combined stress (P +P +Q} is within allowable fimits.

Maximum local primary membrane stress (P} = 6,490 psi
Allowable local primary membrane (P) = +-1.5"S = +-21,600 psi

The maximum local primary membrane stress (P} is within allowable limits.

Stresses at the lug edge per WRC Bulietin 107

Figure |value| 8 |A, | A |B,|B | ¢, | ¢ | Db, | b
o 6.227 . | 0.0861 |0 0 [+ G 0 ¢ 0 [¢]
4C* 68236 |0.1087 |0 0 4] 1] o] 0 0 0
1C 0.1203 0.1 0 0 0 0 ] 0 0 [
2C-1 0.0841 0.1 [t} 0 c 4] 0 G g o]
3A* 1.2027 0.1044 J0 4] 0 0 1] 0 0 4
1A 0.0929 0.1201 10 Q 0 Q 0 4] o] o]
3B8* 39089 {00912 |0 [ G 0 a 0 0 0
1841 0.0476 0.0858 [0 0 Q 1] 0 [ 4] 0
Pressurs stress* 6,430 | 6,480 [ 6,490 | 8,480 | 5,480 6,490 | 6,490 6,490
Total clrcumierential stress 6,490 {6,400 | 6,490 | 5,490 | 6,400 {85,490 6,480 |6,490
P e re e 6490 | 6,490 | 6,400 | 6,450 | 6,490 |6.400 {8450 |6.400
ac 5.8588 0.1087 |0 0 0 4l 3} a 0 &)
4c* 6.9932 0.0981 |0 4] G e} 0 o 0 0
1C-1 0.1298 0.1009 0 0 0 0 0 a 0 i}
2C | D.0804 G.1008 | G 1} Q 0 ¢} 0 0 0
4A* 1.8401 0.1044 | O 0 c 4] ¢ G 0 0
2A 0.0521 0.1103 {0 0 0 0 0 0 a o
48* 1.0998 0.0812 0 Q Q o] s} o] 0 0
2B-1 0.0754 0.0955 | 0 o] o] 0 o [¢] ¢] 0
Pressure stress” 3,245 | 3,245 13,245 | 3,245 | 3,245 {3,245 |3.245 [3,245
Tofal longifudinal stress 3,245 | 3,248 | 3,245 [ 3,245 | 3,245 3,245 | 3245 |3,245
. T;‘:mm;":t’:::; 3,245 [ 3,245 | 3,245 [3.245 (3245 [3245 3245 |0245
Shear from My 1] 0 o] o o 4} 0 ¢
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Cire shoar from Vg a o} [ 0 0 o} 4] 4]
Long shear trom V. 0 0 ¢} ¢ 4,762 |-4762 [4,762 | 4,762
Total Shear stress 0 0 0 3] -4,762 |-4,762 [4762 |4,762
Combined stress (P +Pp+Q) | 6,400 | 6,480 6,490 {6,430 | 10,082 {10,062 | 10,062 | 10,062

Note: " denotes primary stress.
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H

EDEN CRYOGENICS, LLC

8445 RAUSCH DRIVE

PLAIN CITY, OHIO 43064

Vessel Design Calculations

Item:

Vessel No:
Customer:
Contract:
Designer:
Date:
Location:
Purchaser:
Vessel Name:
Service:

P.O. Number:

VACUUM VESSEL

2

FERMI NATIONAL LABORATORY
BC02128

ALLAN HANSON

OCTOBER 22, 2009

FERMI NATIONAL LABORATORY
TERRY TOPE

Vacuum Vessel 12 11 09
VACUUM

BC02128
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Deficiencies Summary

Warnings Summary

Warnings for Copy of Copy of Nozzle #1 (N10)

Overlapping limits of reinforcement between nozzles N10 and N7 detected - user intervention may be required.

(warning)
Overlapping limits of reinforcement between nozzles N10 and N11 detected - user intervention may be required.

{warning)

Warnings for Copv of Copy of Nozzle #1 (N9)

Overlapping limits of reinforcement between nozzles N9 and N7 detected - user intervention may be required.
{warning)

Warnings for Copy of Copy of Nozzle #4 (N11)

Overlapping limits of reinforcement between nozzles N11 and N4 detected - user intervention may be required.

{warning)
Overlapping limits of reinforcement between nozzles N11 and N5 detected - user intervention may be required.

{warning) :
Overlapping limits of reinforcement between nozzles'N11 and N10 deiected - user intervention may be required.

{warning)

Warnings for Copy of Copy of Nozzle #4 (N7)

Overlapping limits of reinforcement between nozzles N7 and N4 detected - user intervention may be required.

(warning) .
QOverlapping limits of reinforcement between nozzles N7 and N9 detected - user intervention may be required.

{warning)
Overlapping limits of reinforcement between nozzles N7 and N10 detected - user intervention may be required. .

{warning)

Warnings for Copy of Nozzle #1 (Ng)

Qverlapping iimits of reinforcement between nozzles N8 and N5 detected - user intervention may be required.

{warning) _
Overlapping limits of reinforcement between nozzles N8 and N6 detected - user intervention may be required.

(warning)

Warnings for
Overlapping limits of reinforcement between nozzles N5 and N4 detected - user intervention may be required.

(warning)
“Overlapping limits of reinforcement between nozzles N5 and N6 detected - user intervention may be required.

{warning)
Overlapping limits of reinforcement between nozzles N5 and N8 detected - user intervention may be required.

{warning)
Overlapping limits of reinforcement between nozzles N5 and N11 detected - user intervention may be required.

(warning)

Warnings for Copy of N‘gzz!g #4 (N6)

Overlapping limits of reinforcement between nozzles N6 and N4 detected - user intervention may be required.

(warning)
Overtapping limits of reinforcement between nozzles N6 and N5 detected - user intervention may be required.

{warning)
Overlapping limits of reinforcement between nozzles N6 and N8 detected - user intervention may be required.

{wamning)
Warnings for Nozzle #4 (N4}

Overlapping limits of reinforcement between nozzles N4 and N5 detected - user intervention may be required.
(warning)
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Overlapping limits of reinforcement between nozzles N4 and N6 detected - user intervention may be required.
(warning)

Overlapping limits of reinforcement between nozzles N4 and N7 detected - user intervention may be required.
{warning)

Overlapping limits of reinforcement between nozzles N4 and N11 detected - user intervention may be required.
{warning)
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Nozzle Schedule

Materials
Nozzll(e Service Size
marl Fi Fi
, Nozzle linpact | Norm Gr:iii Pad | Impact | Norm Gr:; Flange
Nt | Nozzle #1 1751Dx0.13 | SA-240 3041 No INo [No Na (A [va [va NiA
np | SopyofCopyofNazzle |y 70 ini013 | SA-240 306 Ine INe [ne na (A [wa fva NIA
Copy of Copy of Nozzla | 4" Sch 408 SA-312 TP304 Wid & smis
N | S8 e - No [Mo [No N E N T T NA
N2 | Copyof Nozzie #1 1751Dx0.13 | SA-240 3040 No |Na |No NA [wa [wa [ NiA
N3 Copy of Nozzle #1 1.75 1DxQ.13 SA-240 304L No No No N/A | NA N/A N/A N/A
M4 | Nozzle #4 4" Sch 405 SAS12TPICAWd &smls |0 Ino [ Ne NA JNA [N | NA N/A
(std) pipe _

N& | Copy of Nozzle #4 4" Sch 408 SAS12TPI04 Wid&smis |, Ty A s [wa s NiA
= (Std) pipe

N6 | Copyof Nozzie #4 ?gzﬁf“ 408 ;’:‘;3’2 TPICaWdEsms i\ Ing N Na A |wa [wa NIA

Copy of Copy of Nozzle | 4" Sch 408 SA-312 TP304 Wid & smis
2 e i No [No {No S Y Y7 S EYN m
Ne | Copy of Nozzle #1 1.7310x0.43 | SA-240 3041 Ne {Mo |No NA [va [wa [wa NIA
Ng  fSopyofCopyofNozzle 173 nyo1s | sa2a0304 No |No |No A |wa [wa |wa N/A
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9%
Reqt,:
Nom &:
Design t:

User t:

Relnforcement
Shell Pad
Nozzle [ OD |t [ Reqt | ap | a2 a Corr | A A
mark |Gy | Gy | am i | &
Nomt { Designt | Usert | Width L

i | am | oam | oam | 6
N1 2 G125 0.0825 Yes JYes 025 0.2017 N/A NA G 100.,0
10 2 01347 [ 01847 {Yes |Yes 275" 2.4015 N/A N/A 0 1000
Nit 45 10237 0.237 Yes |Yes [2.75" 2.0862 N/A N/A 1] 100.0
N2 2 0125 (00825 |Yes |Yes |0.25 0.2017 A N/A Q 100.0
N3 2 c.125 0.0825 |Yes |Yes |0.25 0.2017 N/A NfA 0 100.0
N4 4.5 | 0237 @237 Yes |Yes {275 2.0862 N/A NIA G 100.0
NS 45 10237 0.237 Yas | Yes [2.75" 2.0862 N/A N/A Q 100.0
N8 4.5 10237 0.237 Yas | Yes |2.75" 2.0882 N/A N/A 3} 100.0
N7 4.5 [ 0.237 0.237 Yes {Yes §2.75% 2.0882 N/A INFA 0 100.0
N8 2 01347 | 0.1347 [Yes [Yes |2.75° 2.4015 N/A NiA G 100.0
Ng 2 0.1347 [ 0.1347 {Yes [ Yes |2.78" 2.4015 N/A N/A 1] $100.0

Nozzle thickness

Nozzle Summary

Nozzle thickness required per UG-45/UG-16
Vessel wall thickness
Required vessel wall thickness due to pressure + corrosion allowance per UG-37

Local vessel wall thickness (near opening)

Area available per UG-37, governing condition
Area required per UG-37, governing condition
Corrosion allowance on nozzle wall
Head minimum thickness after forming
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Pressure Summary

Pressure Summary for Chamber bounded by Bottom Ellipsoidal Head and Bolted Cover #1

— oo | dogn | A7 | W00 | W | b o | wour | g
(psi) | {°F) psi) | (psh | (psh (°F) {°F) emption | Tesle

ta ar 4 0 932 20538 |483.37 | 83183 |00 320 | Note 1 No
Vacuum Vessel Shell 0 932 26512 |368.29 |69.13 100 -320 | Note 1 No
Straight Flange ottom Ellipsoldal Head 0 832 265.12 | 368.23 | 69.13 10G -320 Nacte 1 No
Bottom Efflpscidal Haad 0 932 229.42 1318.64 | 82.82 160 320 Note 2 No
Legs #1 ) 0 g3z o N/A N/A /A NA [ NA N/A
Elangs #1 0 932 235.89 |542.88 [2,046.96 | 100 320 | Note 1 No
Nozzls #1 (N1) o 932 N/A NA  |s6.26 160 NA [ NA No
Copy of Cepy of Nozzle #1 (N10} 0 932 NIA N/A 481.85 | 100 NA N No
Copy of Copy of Nozzie #4 N11) 0 932 N/A NIA 363.62 100 NA | NA No
Cony of Nozzle #1 {N2) 0 932 N/A N/A 56.26 100 NAa [ NA No
Copy of Nozzle #1 (N3) 0 932 N/A N/A 56.26 100 N/A M/A No
Nozzle #4 (N4} 0 g3z N/A N/A 3gas2 {100 NA - {NA No
Copy of Nozzle #4 (N5) 0. 83z | NA A [38362 |00 NA | A No
Copy of No 0 932 N/A N/A 36362 | 100 NIA N/A No
Copy of € ¢ 932 NA N/A 38362 | 100 NA [ NA No
ooy of Nezzle #1 (NS} ‘ 0 032 WA N/A 48186 {100 N | A No
Cooy of Copy of Nogzzls #1 NO) 0 932 N/A NA - Jas1es [100 |NA [NA No

Chamber design MDMT is -320 °F
Chamber rated MDMT is -320 °F @ 0 psi

Chamber MAWP hot & corroded is 0 psi @ 932 °F
Chamber MAP cold & new is 318.64 psi @ 70 °F

Chamber MAEP is 56.26 psi @ 100 °F
Vacuum rings did not govern the external pressure rating.

Notes for MDMT Rating:

Note # Exemption Detalls
1. Rated MDMT par UHA-81{d){1}{a) = -320 °F
2. Matarlal Rated MDMT per UHA-51{d}{1)(a)} = -320 °F

Design notes are available on the Settings Summary page.
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Revision History

No.

Date

Operatar

Notes

10/21/2009

ahanson

New vessel created ASME Section VIl Division 1 [Build 6263]
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Setlings Summary

COMPRESS Bulld 6263

Units: U.8. Customary
Datuin Line Location: 0.00" from bottom seam

Design

ASME Section Vill Division 1, 2007 Edition, A08 Addenda

’

Design or Rating:

Minimum thickness:

Design for cold shut down only:
Design for lethal service {full radiography required):
Design nozzles for:

Corrosion weight loss:

UG-23 Stress Increase:;

Skirtllegs stress increase:

Minimum nozzle projection:

Juncture calculations for o > 30 only:

Preheat P-No 1 Materials > 1.258#34 and <= 1.50" thick:

UG-37(a} shell tr calculation considers longitudinal stress:

Butt welds are tapered per Figure UCS-66.3{a).
Hydro/Pneumatic Test

Shop Hydrotest Pressure: 1.3 times vessel

MAWP
Tast liquid specific gravity: 1.00
Maximum stress during test: 90% of yield
Required Marking - UG-116
UG-116 (e) Radiography: RT1

UG-116 {f) Posiweld heat ireatment: None
Code Cases\Interpretations

Uss Code Case 2547: No
Apply interpretation VIII-1-83-66: Yes
Apply interpretation VIII-1-86-175: Yes
Apply interpretation VIII-1-83-115: Yes
Apply interpretation Viil-1-01-37:  Yes
No UCS-66.1 MDMT reduction:  No
No UCS-68(c) MDMT reducticn:  No
Disallow UG-20(f} exemptions: No

- Get Thickness from Pressure

0.0625" per UG-16(b)
No

No

Design P, find nozzle MAWP and MAP
100% of theoretical foss
1.20

1.0

o

Yes

No

No
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UG-22 Loadings

UG-22 (a) Internal or External Design Pressure : : Yes
UG-22 (b) Weight of the vessel and normal contents under operating or test conditions: Yes
UG-22 (c) Superimposed static reactions from weight of attached equipment {external loads):  No
UG-22 (d)2) Vessel supports such as lugs, rings, skirts, saddles and legs: Yes
UG-22 (f) Wind reactions: . No
UG-22 (f) Seismic reactions: No

Note: UG-22 {b),{c) and {f) loads only considered when supports are present.
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Thickness Summary

Component Material Diameter | Length | Nominalt | Deslgnt | Total Corraslon | Joint | | ..
Identiter {in) {in) {in) {in) {In) E
Bolted Cover #1 SA-240 304L le20cD 2.75 275 1.3744 o 1.00 | External
Yacoum Vessel Shall BA-312 TP304 Wig & smis pipe | 235D 62.22 0.25 0.1192 G 1.00 | Extarnal
raj i om Eflipsoid d S5A-312 TP304 Wid & smis plpe | 23.51D 1.5 0.25 0.1182 0 1.00 | External
Bottom Ellipsoidal Haad SA-312 TP304 Wid & smispipe | 23.51D 6.0625 |0.1875" 0.0618 [} 1.00 | External

Nominal t: Vessel wall nominal thickness

Designt: Required vessel thickness due to governing loading + corrosion
JointE:  Longitudinal seam joint efficiency

* Head minimum thickness after farming

Load

infernal:  Circumferential stress due lo internal pressure governs

external:  External pressure governs

Wind: Combined longitudinal strass of pressure + weight + wind governs
Seismic:  Combined longitudinal stress of pressure + weight + seismic governs
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Weight Summary

Welght { Ib) Contribisted by Vessel Elements
c Surface Area
omponent 2

Motal Metal Insulatlon & | . | Plping | Operating | Test ft

New* | Corroded™ | Supports 9| s Liquid | Liquid | Liquid
Bo Cover #1 570.5 {570.5 4] [¢] 0 a 8.3 7
VYacuum Vessel Shell 335.9 |335.9 0 [ [} 0 9811 |33
Bettom Ellpscidal Head [43.4 143.4 [+ 1] 0 Q 84.8 ]

eas #1 30.7 |30.7 0 0 0 o o] 4
TOTAL: 980.4 |980.4 0 i} 1] [} 1,074.2 149
* Shells with attached nozzles have weight reduced by material cut out for opening.
Welght { tb) Contributed by Attachments
Surface Area
Component
po Body Flanges N;::Ile::‘ Packed | Ladders & | Trays & | Rings & | Vertical 2
g Beds | platforms | Supports | Clips Loads

Mew | Corroded | New | Corroded
Bofied Cover #1 0 0 317 |a17 0 0 0 0 0 2
Vacuym Vesssl Sheil 413.3 [413.3 15 {15 0 Q 0 i} 4] 10
Sottom Elipsoldal Head, |0 0 0 0 0 0 0 0 0 0
Leos #1 0 0 o o 0 0 0 0 0 9
TOTAL: 413.3 {4133 33.2 |33.2 0 1} G [+} [+ 2

Vessel operating weight, Corroded: 1,427 b

Vessel operating weight, New:
Vessel empty weight, Corroded:

Vessel empty weight, New:
Vessel test weight, New:
Vessel surface area:

1,427 1b
1,427 Ib
1,427 Ib
2,501 b
51 fi2

Vessel center of gravity location - from datum - Jift condition

Vessel Liit Weight, New: 1,427 Ib
51.6114"

Center of Gravity:

Vessel Capacity

Vessel Capacity** (New):

Vessel Capacity™ (Corroded): 127 US gal
**The vessel capacity does not include volume of nozzle, piping or other attachments,

127 US gal
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Hydrostatic Test

Shop test pressure determination for Chamber bounded by Bottom Ellipsoidal Head and Bolted Cover #1
based on MAWP per UG-99(b)

Shop hydrostatic test gauge pressure is 101.59 psi at 70 °F (the chamber MAEP = 56.265 psi). External pressure
governs the iest pressure per UG-99(f).

The shap test is performed with the vessel in the horizontal position.

Local test | 105 110UId | g g9 | yg.gg | SUeSS | pyowabte
Identifier pressure f:anc stress | pressure during test siress Stres_s
psi ead ratio | factor tes-t psi excessive?
psi psi
Vacuum Vessel Shefl (1} 102.438 0.848 1.3889 1.30 5,553 27,000 No
ﬁg:;gm Flange on Bottom Ellipscldal 102.438 6848 13888  |1.30 5,553 27,000 No
Bettom Ellipsoidal Head 162.438 0.848 1.3889 1.30 5778 27,000 Ne
Bolted Cover #1 102.438 0.848 1.5755 1.30 3,676 33,750 No
Flange #1 102.438 0.848 1.5755 1.30 6,302 33,760 No
Copy of Copy of Nozzle #1 (N10) 101.986 0,398 1.5755 1.30 NI NI Nt
Copy of Copy of Nozzle #1 (NG} 102,368 0.778 1.5755 1.30 - NI NI Ni
Copy of Copy of Nozzle #4 (N11) 101.851 0.261 1.3889 1.30 NI NI NI
Copy of Copy of Nozzle #4 {N7) 102.231 0.841 1.3889 1.30 NI NI NI
Copy of Nozzie #1 (N2) 102.484 0.893 1.57568 1.30 7,684 33,750 No
Copy of Nozzle #1 (N3) 101.825 0,235 1.57565 1,30 7,648 33,750 No
Copy of Nozzle #1 {N8}) 101.874 0.284 1.5758 1.30 NI NI NI
Copy of Nozzla #4 (N5} 101.851 0.281 1.3889 1.3¢ NI Nt Ni
Copy of Nozzle #4 (NG} 102.087 0.497 13889 1.30 Nl NI NI
Nozzla #1 (N1) 101,825 0.235 1.5755 1.30 7,649 33,750 No
Nozzle #4 (N4) 102.087 0.497 1.3888 1.30 NI NI NI

Notes:

{1) Vacuum Vessel Shell limits the UG-99 stress ratio.
(2} Nl indicates that test stress was not investigated.

(3) P, stresses at nozzle openings have been estimated using the method described in PVP-Vol. 399, pages 77-82.
(4) VIII-2, AD-151.1{b) used as the basis for nozzle allowable test siress.
(5) The zero degree angular position is assumed to be up, and the test liquid height is assumed to the top-most

flange.

The field test condition has not been investigated for the Chamber bounded by Bottom Ellipsoidal Head and Bolted

Cover #1.
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Vacuum Summary

Elevation
Gomponent Line of Support aboye Datum | Lengthle
{in) (in)
Bolted Cover #1 - 65,395 NA
143 dapth of Boltsd Cover #1 62,645 N/A
Yacuum Vessel Shell Top - 62.22 66.1033
Vacuum Vessal Shell Bettom - 0 £6.1033
Straight Flange on Bottom Ellipsoldal Head Top - 0 66,1033
Stralaht Flange on Boltom Elfpseidal Hegd Bottor, | - -1.5 66.1033
- 1f3 degth of Bottom Ellicsoidal Head | -3.4583 N/A
Bottom Ellipsoidal Head - -7.5825 N/A
Note

For main components, the listad valus of 'Le' is the largest unsupported length for tha component,
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Vacuum Vessel Shell

ASME Section VIl Division 1, 2007 Edition, A0S Addenda

Component: Cylinder
Material specification: SA-312 TP304 WId & smis pipe (lI-D p. 90, In. 15}
Pipe NPS and Schedule: 24" Sch 108

Rated MDMT per UHA-51(d){1)(a) = -320 °F

Internal design pressure: P = 0 psi @ 932 °F
External design pressure: P, = 15 psi @ 100 °F

Static Hiquid head:

Py, = 0.85 psi {8G = 1, H, = 23.5", Horfzontal test head)

Corrosion allowance Inner G = Q" Outer C = 0"
Design MDMT = -320 °F No impact test performed
Rated MDMT =-320 °F Msaterial is not normalized

Material is not produced to Fine Grain Practice
PWHT is not performed

Radiography: Longitudinal joint - Full UW-11(a) Type 1
Top circumferential joint - NIA
Bottom circumferential joint - Full UW-11(a} Type 1

Estimated welght New = 3366 b corr = 336.6 b
Capacity New = 116.83 US gal corr = 116.83 US gal
D = 23.5"
Length L, = 62.22"

1 = 0.25"

Maximum allowable working pressure, {at 832 °F) UG-27{c)(1)
B S*E*/ (R + 0.60%} - P, ‘
14,400*1.00"0.2188/ (11.75 + 0.60*0.2188) - 0
265.12 psi

oo

Maximum allowable pressure, (at 70 °F)} UG-27(c)(1)

P S*E"t/ (R + 0.60"1)
20,000*1.00*0.2188/ (11.75 + 0.6070.2188)

368.23 psi

External Pressure, (Corroded & at 100 °F) UG-28(c)

L/D, 66.1033/ 24 =2.7543
D,/t 24/0.1192 =201.3703
From table G: A = 0.000161
From table HA-1: B = 2,265psi

I

P

a

4B/ (3D, /1)
4*2265.4226 / (3*(24 / 0.1192))

i
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= 15 psi

) Design thickness for external pressure P, = 15 psi

t. = t+Corosion= 0.1182+ 0

3

0.1192"
Maximum Allowable External Pressure, (Corroded & at 100 °F) UG-28(c)

il

L/D, 66.1033/24 =2.7543
D,/t = 24/0.2188 =109.7143
From table G: A = {.000405
From tabie HA-1: B = 5,689 psi

P, = 4B/ (3*(D,/1)
4*5688.6738 / (3*(24 / 0.2188))

69.13 psi

I

a

i}

External Pressure + Weight Check (Bergman, ASME paper 54-A-104)

P, = W/{2n'R,) + M/ (@'R_2)
= 1,419.1 / (2*7*11.875) + 47 / (n*11.875?)
= 19.1252 bfin
o =P,/ (P,'D,)
= 19.1252 / (15%24)
= 0.0531
n =3
m = 1.23/{L/Dy)?

1.23/(66.1033/24)2
= {.1621
Ratio P, = (n®-1+m+m*a)/{n?-1+m)
= {32-1+0.1621 + 0.1621%0.0531) / (32 - 1 + 0.1621)

= 1.0011 '
Ratio P, * P, < MAEP design cylinder thickness is satisfactory.

External Pressure + Weight Check at Bottom Seam (Bei‘gman, ASME paper 54-A-104)

P, = W/ (@n'R,) + M/ (T*R_2)
= 1,419.1 / (2*%*11.875) + 0/ (n*11.8752)
- 19.0195 Ibvin
a =P,/ (P, D)
= 19.0195/ (15*24)
= 0.0528

n =3
m = 1.23/(L/D?
1.23/(66.1033 / 24)2
0.1621

RatioP, = (n?-1+m+m'e)/{n?-1+m)
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= {3%-1+0.1621 + 0.162170.0528) / (32 - 1 + 0.1621)

= 1.0010

Ratio P, * P, < MAEP design cylinder thickness is satisfactory.

Design thickness = 0.1192"

The governing condition is due to external pressure.

The cylinder thickness of 0.25" is adequate.

Thickness Required Due to Pressure + External Loads

P P( Agz‘::’t:?jgl?;s T tura (| Corrasion G Req'd Thk Due t Reqd fik bue
ressure amperatlre OIrosion eq' ue 10 1o
Condition psi) Stress ;!;ic)rease { F (in} Locatlon | Load Tenslon {in) Compression
(in)
Sy Se
Queraling, Hot & Corroded, [ 0 14,400 {5750 |odz 0 Top Welght | 0.0033 2.0033
Bottom Weight | 0.0033 0.0033
Operating. Hot & New 0 14,400 |B750 |es2 0 Top Weight | 2.0033 0.0033
Bottom = | Welght £0.0033 00033
! § D G jad 0 14,400 | 8750 a2 o Top Weight | 0.0033 0.0033
Bottom Weight | 0.0033 0.0033
Stut Down, N 0 14400 5750 ]ese 0 Top Weight | 0,003 0.0033
Botton Weight { .0033 0.0033
Emmety, Gorreded 0 20000 | 1183 |70 0 Top Weight | 00016 acmg
Bottom Weight | 0.0016 L0018
Epoty, New o 26,000 {11813 )70 0 Top Weight | 2.0018 2006
Bottom Weight | D.G0O1S 00018
Vacuu A5 20000 | 11813 | 100 0 Top Waight | .0001 0.0084
Bottom Weight | £.0091 2.0091
Hot Shat Down, Corroded Top Walght |0.0033 0.0033
Ao & Bocentrio Moments. | 14400 |az80 |o32 0
=i Sotiom___| Weight | 0.0083 £,0033
Aflowable Compressive Stress, Hot and Corroded- S, (table HA-1)
A = 0.125/(R,/1
= 0.125/(12/0.2188)
= {.002279
B = 5,750 psi
S = 14,400/1.00 = 14,400 psi
Suuc = min(B, S) = 5.750 psi
Allowable Compressive Stress, Hot and New- S
ScHN = SCHC
= 5.750 psi
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Allowable Compressive Stress, Cold and New- S, {table HA-1)

A = 0.125/(R /1)
= 0.125/(12/0.2188)
= 0.002279
B = 11,813 psi
S = 20,000/1.00 = 20,000 psi
Seon = min(B, 5) = 11,813 psi

Allowable Compressive Stress, Cold and Corroded- S ..

ScGC = ScCN
= 11.81 i

Allowable Compressive Stress, Vacuum and Corroded- S, (table HA-1)

A = 0125/ (R, /1)
= 0.125/(12/0.2188)
= 0.002279
B = 11,813 psi
S ’ = 20,000/1.00 = 20,000 psi
Seve = min{B, 8) = 11.813 pst
. ing. Hot & Corroded. Al S Point
1, = P'R/(2"8.'K; + 0.40%|P)) {Pressure)
= 0%11.75/ (2*5,750.24*1.00 + 0.40%|0)
= Q"
t, = M/ (@R S K,) (bending)
=47/ (71:*11.8?52*5,750.24*1 .00)
=0" |
t, = W/ (2n"R,"S;*K,) (Weight)
= 1,419.1 / (2*n*11.875%5,750.24*1.00)
= 0.0033"
L = ]tp +1, -1, {tofal, net compressive)
= [0 + 0 - {0.0033)}
= 0.0033"
b=t + te " te (total required, compressive)
= 0 + (0.0033) - (0)
= 0.0033"

Maximum allowable working pressure, Longitudinal Stress

P = 2"SKSESM(E -t + 1)/ (R-0.40%(t- 1, + )
= 2°14,400%1.00%1.00%(0.2188 - 0 + {0.0013)) / (11.75 - 0.40(0.2188 - 0 + (0.0013)))
= 543.46 psi
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ratin t& N Above Su rt Point

t, = PPR/(2°8,"K; + 0.40"[P)) {Pressure)
= 0"11.75/ (2*5,750.24*1.00 + 0.40%|0})
an 0"
t, = M/ (@R, S 'K,} (bending}
= 47 [ (n*11.875%"5,750.24"1.00} |
- 0"
t, = W/(2'n"R,*S."K) (Weight)
= 1,418.1/(2"n"11.875%5,750.24*1.00)
= 0.0033"
o=ty -t (total, net compressive)
= |0 + 0 - (0.0033})|
= 0.0033"
L=t the -t (total required, compressive)
= 0 +(0.0033) - (0)
= 0.0033"

Maximum allowable working pressure, Longitudinal Stress

P=2"§/KSE Mt -1, +t,)/ (R-040%"(1 -t + 1)
= 2*14,400%1.00%1.00*(0.2188 - 0 + (0.0013)) / {11.75 - 0.40"(0.2188 - 0 + (0.0013)))
= 543.46 psi

Hot Shut Down, Corroded. Above Su ¥t Poin

t, =0 (Pressure)
t, = M/(x*R2*S,"K,) {bending)
= 47 / (m*11.875%"5,750.24*1.00)
= OII
t, = W/ (2n*R,,*S,"K,) (Weight)
= 1,419.1/(2*n*11.875%5,750.24*1.00)
= (.0033"
o=t -t {total, net compressive)
= |0 + 0 - (0.0033}]
= OQQEQIF
t, = e+ o~ too (total required, compressive)
= 0 +{0.0033) - (0)
= .0033"
Hot Shut Down, New, Above Support Point
t, = o" (Pressure)
tn = M/ (m*R,2*S,"K) (bending)

= 47 [ (#*11.875%*5,750.24"1.00) '
— O“
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t, = W/(2*x"R,"S.*K,) (Weight)
= 1,419.1 / (2*n*11.875"5,750.24*1.00)
= 0.0033" _
t = [tp + i -t {total, net compressive)
= [0+ 0-(0.0033)]
~ 0.0033"
b =tne + et (total required, compressive)
= 0+ {0.0033) - {0)
= 0.0033" .
Empty. Corroded, Above Support Poini
L = o" (Pressure}
t, = M/ (n*R,2*8,"K,) l (bending)
= 47/ {7*11.875%11,812.64*1.00)
= Q"
t, = W/ (2 n"R,"S,*K,) (Weight)
= 1,419.1/(2"n"11.875"11,812.64"1.00)
= 0.0016"
L=+t - {total, net cormnpressive)
= {0+ 0 - (0.0016)|
= - .
b= et e -t (total required, compressive)
= 0+ (0.00186) - (0)
= 0.0018"

Empty. New, Above Support Point

t, =0 {Pressure)
t, = M/ (@*R,2*S,*K,) (bending)
= 47 /{n*11.8752*11,812.64"1.00)
= Oll
L, = W/ (2% "R*S."K,) (Weight)
= 1,419.1 / {2*n*11.875%11,812.6471.00)
= 0.0016"
b=ty + - 4l {total, net compressive}
= [0 + 0 - (0.0016)]
- Q QQT 5“
o = oo+ tae ~ toe (total required, compressive)
= 0+ (0.00186) - {0)
= 0.0018"

Yacuum, Above §u§ggrt Point

= P*R/(2*S,"K, + 0.40%|P|) (Pressure)
-156%11.75/(2*11,812.64*1.00 + 0.40"[15]}

—
1

fl
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-0.00758"
M/ (r*R,2*S."K,) (bending)
= 47/ (7*11.875%%11,812.64*1.00)
- OII
t, = W/ (2**R_*S,*K,) {Weight)
= 1,419.1/ (2*n"11.875"11,812.64"1.00}
= 0.0018"
o= Ity - ] {total, net compressive)
= [-0.0075 + 0 - {0.0018)|
= 0.0091"

I

t

m

o=t e - T (total required, compressive)
= 0 + {0.0016) - {-0.0075)

t, = 0" {Pressure)
t, = M/ (@m"R,Z*S,'K,) {(bending)
= 47/ (*11.875%"5,750.24*1.00)
= Oll
t, = W/ (2"z"R,,"S,"K,) (Weight)
= 1,419.1 / (2**11.875"5,750.24"1.00)
= 0.0033"
b= [ty -t (total, net compressive)
= |0 + 0 - (0.0033)|
= 0,0033"
ty =t + e - toc {total required, compressive)
= 0+ (0.0033) - (0)
= 0.0033"
Operating, Hot & Corroded, Below Support Point
= P*R/{2"S.*K, + 0.40*|P}} (Pressure)
= 0*11.75/ (2*5,750.24*1.00 + 0.40%0|)
= Oli .
t. =M/ (xR S,'K,) (bending)
= 0/(z*11.875%"5,750.24*1.00}
- DII )
i, = W/ (2n*R"S,'K,) {Weight)
= 1,418.1 / (2*x*11.875"5,750.24*1.00)
= 0.0033"
b=ttt (total, net compressive)
= [0 + 0 - (0.0033}}
- Q.QOS&"
t = too + twe  toc (fotal required, compressive)
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= 0 +{0.0033) - (0)
~ 0.0033"

Maximum allowable working pressure, Longitudinal Stress

P= 2'SMK E S (t-t, +1,) / (R-0.40%t-t_ +1.)
= 2°14,400*1.00%1.007(0.2188 - 0 + (0.0013)) / (11.75 - 0.40%(0.2188 - 0 + (0.0013)))
= 543.48 psi
Operating, Hot & New. Below Support Point
t, = P*R/(2"8K, + 0.40%|P|) (Pressure)
= 0*11.75/(2"5,750.24™1.00 + 0.40%[Q))
=0"
t, = M/{z"R,#*S,’K,) (bending)
= 0/ (n*11.8752"5,750.24*1.00)
= 0"
t, = W/ (2"t"R,*S,*K) (Welght)
= 1,419.1 / {2"n*11.875"5,750.24*1.00)
= 0.0033"
L = Etp + 1y - 1y {total, net compressive)
=0+ 0 - (0.0033)|
= 0,0033"
b= et he - 1 (total required, compressive)
= 0 +(0.0033) - (0}
= 0.0033"

Maximum aflowable working pressure, Longitudinal Stress

P=2"6"KJ'E (1 -1, + 1)/ (R-0.40%t-1 +1.)
= 2*14,40071.0071.00*(0.2188 - 0 + (0.0013}) / {11.75- 0.40*(0.2188 - 0 + (0.0013}})
= 543.48 psi

Hot Shut Down, Corroded, Below Support Point
t, =0 (Pressure)
i, = M/ (n*R,2*S,"K,) {bending}
= 0/ (n*11.875%"5,750.24*1.00)
= Q" _
t, = W/ {2"R"S,"K,) (Weight)
= 1,419.1 / (2*n*11.875"5,750.24*1.00)
= 0.0033"
t = [tp + 1, - 1l (total, net compressive)
= [0 + 0 - (0.0033)|
= .0033"
RS T Wl {total required, compressive)

= 0 + (0.0033) - (0)
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= 0.0033"
Hot Shut Down. New. Below Suppaort Point

L=0" {Pressure)
t, = M/ ("R #"8K,) (bending}
= 0/ (x*11.875%2"5,750.24*1.00)
= 0"
ty = W/ (2w'R,"S,"K,} (Weight)
= 1,419.1 / (2"x*11.875"5,750.24*1.00)
= 0.0033"
R W {total, net compressive)
= [0 + 0 - (0.0033)
= ‘Q"m" . .
b=t + -1 (total required, compressive)
= 0 + (0.0033) - (0)
= 0.0033"

Em ded, Below Su Paoin

= 0" ] {Pressure)
. = M/ (@R 2'S,'K,) (bending)
= 0/(n*11.875%"11,812.64"1.00)
= 0"
t, = W/ (2*1*R_"S.'K,) {(Weight)
1,419.1/ (2"n*11.875"11,812.64*1.00)
0.0016"
[ LA P (tolal, net compressive)
= |0 + 0 - (0.0016}
= 0.0016"
o= tne + e " e (total required, compressive)
= 0 + (0.0018) - (0}
= 0.0016"

Empty. New, Below Support Point

t, =0 (Pressure)
t. = M/ (@R, 28,"K,) (bending)
= 0/ (x*11.875211,812.64*1.00)
= Q"
t, = W/ {2*R_*S/K,} {Weight)
1,419.1 / (2*7*11.875%11,812.64*1.00)
0.0018"
b=+t -t {total, net compressive)
= |0+ 0-(0.00186)|
- 0.0016"

]
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o= te + e~ e (total required, comprassive)
=0+ (0.0016) - (0)
= Q QQIE“

Yacuum, Beiow Support Peint

t, = P*R/(2"S K, + 0.40%P)) {Pressure)
- = -15*11.75 / (2*11,812.64*1.00 + 0.40*|15|)

-0.0075"

M/ (mn*R,2*S.’K,) (bending)
= 0/(r*11.875%*11,812.64*1.00)
= Q"

L, = W/(2%"R,*S.'K,) (Weight)
= 1,419.1/(2*n*11.875%11,812.64%1.00)
= 0.0018"

L=t et -t {total, net compressive)
= |-0.0075 + 0 - {0.0016)|
= 0.0001"

to=tos +tye- 1'-pc:
=0 + (0.0018) - (-0.0075)
= 0.0091"

Hot Shut Down. Corroded. Weight & Eccentri ly. Below Poin

1§

t

m

{total required, compressive)

t, =0 (Pressure)
t, = M/ (n"R 28K} (bending)
= 0/ (n*11.875%*5,750.24*1.00)
= 0"
t, = W/ (2'n*R,*S,."K,) (Weight)
= 1,419.1/ (2*x*11.875%5,750.2471.00)
= 0.0033"
b=+t -t {fotal, net compressive)
= [0 + 0 - (0.0033)}
to= tg + Lo Lo {total required, compressive)
= 0 +(0.0033) - (0)
= 0.0033°
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Bolted Cover #1

ASME Section VIl Division 1, 2007 Edition, A08 Addenda

Component: Boilted Cover
Material specification: SA-240 304L (II-D p. 82, In. 38)

Rated MDMT per UHA-51{d}{1){a) = -320 °F

internal design pressure: P = 0 psi @ 932 °F
External design pressure: P, = 15 psi @ 100 °F

Static liquid head:

Py, =0.85 psi {(SG=1.0000, H,=23.5", Horizonial test head)

Corrosion allowance: innerC =0" Outer C = Q"
Design MDMT = -320 °F No impact test performed
Rated MDMT = -320 °F Material is not normalized

Material is not produced to Fine Grain Practice
PWHT is not performed

Radiography: Category A joints - . Seamless No RT
Estimated weight; New =57051b corr =570.51b
Head outside diameter = 32"

Cover thickness = 275"

Gasket groove depth = 0.093"

Design thickness, (at 70 °F) UG-34 (c}(2), gasket seating

t = d*Sqr(1.9"W*hy/(S*E*d®)) + Corrosion

= 25.8125"Sqr(1.9°232,44071.8438/(16,70071725.8125%)} + 0

= 1.3744in

Maximum allowable working pressure, {(at 932 °F)

P = (S*E/CY({t/d)? - (1.9"W*h/(S*E*d%))) - P,

= (10,600*1/0.3)*({2.75/25.8125)2 - (1.9*155,6181.8438/(10,600*1*25.81253))) - 0
= 295.38 psi

Maximum allowable pressure, (At 70 °F)

P = (S*E/C)*({t/d)? - (1.9"W*h/(S*E*d®)))

= (16,700%1/0.3)*({2.75/25.8125)2 - (1.9*245,171.9%1.8438/(16,700*1*25.8125%}))
= 465.37 psi

Design thickness for external pressure, (at 100 °F) U-2(g)

t = d*Sqr(C*P,/(S"E)} + Corrosion

= 25.8125"Sqr(0.3*15/(16,700*1)) + 0

= 0.4237 in

Maximum allowable external pressure, (At 100 °F ) U-2(g)

P, = (S*E/C)*{t/d)?

24/102

v10.18.12 311/424



i

{16,700"1/0.3)*(2.75/25.8125)2
631.83 psi
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Straight Flange on Bottom Ellipsoidal Head

ASME Section VIl Division 1, 2007 Edition, A08 Addenda

Component: Straight Flange _
Material specification: SA-312 TP304 Wid & smis pipe (I-D p. 90, In. 15)
Pipe NPS and Schedule: 24" Sch 10S

Rated MDMT per UHA-51{d)(1)(a} = -320 °F

Internal design pressure: P = 0 psi @ 932 °F
External design pressure: P, = 15 psi @ 100 °F

Static liquid head:

Py, = 0.85psi (SG = 1, H, = 23.5", Horizontal test head)

Corrosion allowance Inner C = 0" QuterC=0"
Design MDMT = -320 °F No impact test performed
Rated MDMT = -320 °F Material is not normalized

Material is not produced to Fine Grafn Practice
PWHT is not performed

Radiography: Longitudinal joint - Full UW-11{a) Type 1
Circumferential joint - Full UW-11(a) Type 1

Estimated weight New=8.11b corr=8.11b
Capacity New = 2.82 US gal corr = 2.82 US gal

ID 23.5"
LengthL, = 1.5"
t = 0.25"

Maximum allowable working pressure, (at 932 °F) UG-27(c)(1)

P S*E"t/ (R + 0.60"1) - P,
14,400%1.0070.2188/ (11.75 + 0.60"0.2188) - 0

265.12 psi

E i H

Maximum allowabie pressure, (at 70 °F) UG-27(c)(1)
P S*E"/ (R + 0.60™)

20,000%1.00*0.2188/ (11.75 + 0.60*0.2188)
368.23 psi

External Pressure, (Corroded & at 100 °F) UG-28(c)

Il

L/D, = 66.1033/24 =2.7543
D/t = 24/0.1192 =201.3703
From table G: A = 0.060161
From table HA-1: B = 2,265 psi

P, = 4B/ (3"D, /1)
4*2265.4226 / (3*(24 / 0.1192})

)
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= 15 psi

Design thickness for exiernal pressure P, = 15 psi

t, = t+ Corrosion =

a

01192+ 0 Z 1199
Maximum Allowable External Pressure, (Corroded & at 100 °F) UG-28(c)

1§

= 2.7543
=109.7143
0.000405
5,689 psi

66.1033/24
D/t = 24/0.2188

From table G: A=
From table HA-1: B =

L/D,

=

a

4*B/(3"(D, /1)
4*5688.6738 / (3*(24 / 0.2188))
69.13 psi

Design thickness = 0.1192"
The governing condition is due to external pressure.
The cylinder thickness of 0.25" is adequate.

Thickness Required Dus to Pressure + External Loads

Allowable Stress Req'd Thk Due
Before UG-23
Pressure P ( Temperature ( Corroslon © Req'd Thk Due to to
Conditlen psh) Stress::;;rease { °F) (in) Load Tension (in) Compression
n)
St Se

Operating Hol & Corroded o 14,400 | 5780 (982 0 Weight | @ [H

arating, He low ) 0 14,400 5780 832 1] Weight |0 ")
Hot Shut Down, Coroded ¢ 14,400 | 5,750 032 0 Weight | 2 ]
Lot Shut Down, New 0 14,400 § 5750 932 0 Weight 10 2
Empty, Corroded 0 o000 |11813 (70 0 weight |0 q
Empty. New 0 20,000 }11,813 |70 0 Waight [0 )
Vacuum -15 20,000 ]31.813 {1C0 0 Weight | 0.0074 0.0074
Hot Shut D yreded, Walgh .
& Eocenirio Moments Only 0 14400 10280 9% 0 Weight |0 2
Allowable Compressive Stress, Hot and Corroded- S ., (table HA-1)
A = 0.125/(R, /1)

= 0.125/(12/0.2188)
= {.002279
B = 5,750 psi
] = 14,400/1.00 = 14,400 psi
Senc = min{B, 5) = 5,750 psi
27/102
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Allowable Compressive Stress, Hot and New- Sern

SeHn = Sy
= B.750 psi
Allowable Compressive Stress, Cold and New- S_,,, (table HA-1)
A = 0125/(R /1)
= 0.125/(12/0.2188)
= 0.002279
B = 11,813 psi
S = 20,000/1.00 = 20,000 psi
S.en = min{B, 8) =11.813 psi

Allowable Compressive Stress, Cold and Corroded- S

S::C:C = ScGN

= 11.813 psi

Allowable Compressive Stress, Vacuum and Corroded- S, (table HA-1)

A = 0.125/{R,/1)
= 0.125/(12/0.2188)
- = (.002279
B = 11,813 psi
38 = 20,000/ 1.00 = 20,000 psi
Swve = min(B, 8) = 11.813 psi
Operating. Hot & Corroded. Top Seam
t, = P*R/(2'G"KJ'E, + 0.40°P]) - (Pressure)
= 0"11.75/(2*14,400%1.00%1.00 + 0.40%0})
a 0!!
t, = M/@R,ZSKSE) (hending)
= 0/(r*11.8752*14,400*1.00%1.00)
= OII
ty, = W/(@%'R "SKJE) {Weight)
= -43.4/{2"%*11.875"14,400*1.00%1.00)
— 0"
_ ) (total required,
b = Lrhok tensile)
= 0+0-(0)
=
= ot (totai, net
o= Mot e bod tensile)
= [0+ {0)-(0)l
=
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Maximum allowable working pressure, Longitudinal Stress

P=2"5 KB (-1 + 1)/ {R-0407{t-1 + 1)
= 2*14,400%1.00"1.007(0.2188 - 0 + {0)} / (11.75 - 0.40*(0.2188 - 0 + (0)))
= 540.09 psi

Cperating. Hot & New. Top Seam

b= P*R /(278K *E, + 0.40%|P]) (Pressure)
= 0"1.75/7(2"14,40071.00"1.00 + 0.40%0))
= 0"
t, = M/@'RZS'KE) {bending)
= 0/(n*11.875%*14,400%1.00*1.00)
o O!!
t, = W/(2%R,"SK,E,) {Weight)
= -43.4/(2"n*11.875"14,400%1.00*1.60)
= Q"
_ ) (total required,
b= Gttty tensile)
= 0+0-{0)
=
3 i (total, net
b= fot b~ b tensile)
= {0+ (0) - (0}
= o

Maximum allowable working pressure, Longitudinal Stress

P=2"S K E M (t-t, +1,)/ (R-0.40%(t-t, + t,))
= 2"14,40071.00*1.00%*(0.2188 - 0 + (0)) / (11.75 - 0.40"(0.2188 - 0 + (O)))
= 540.09 psi

Hot Shut Down. Corroded. Top Seam

b, = 0" {Pressure)

tn =  M/@RZSKSE,) {bending)
= 0/(n"11.8752"14,400%1.00*1.00)
= Q"

= W/@TRSKSE | (Weight)
= -43.4/(2'1*11.875"14,400*1.00*1.00)
= Q"

s i
= 0+0-(0)
= o '

b= Metteebd t%?}t:illse?ei
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M/ (r'R_ S °K,"E,}

0/ (x*11.8752*14,400%1.00*1.00)

Olt

W/ (2R *S/K'E,)

-43.4 / (2'7711.875"14,400%1.00*1.00)
0”

L+iy -t
0+0-({0)

m

“mc + th b tp::l

0+ (0} - (0)|
0"

Empty, Corroded. Top Seam

tp = Oll
t, =  M/@R2SKE)
= 0/ (x*11.875%*20,00071.00*1.00)
= 0[!
i, = W/(@2TR SKE)
= - -43.4/(2*x"11.875"20,000*1.00%1.00)
= 0“
t, = '[p +t -1,
= 0+0-{0)
- o
{c = h"n'oc: + o tpc[
= [0+(0)- (0}
-z
Empty. New, Top Seam
tp - OI!
t, = M/(x'B, 28K E,)
= 0/ (x*11.875%*20,000*1.00*1.00)
= Oli
.2 = W/({@&%R S'KE)

-43.4 / (2*%*11.875%20,00071.0071.00)

{Prassure)
(bending)

{Weight)

{total required,
tensile)

(total, net
tensiie)

(Pressure)

{bending)

(Weight)

{total required,
tensile)

{total, net
tensile)

{Pressure)
{bending)

{Weight)
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= Du
- . {total required,
A A tensile)
= 0+0-(0)
= 0
total, net

s et e Tl gensiie)

= [0+(0)- (0}

=

Vacuum, Top Seam

t, = P"R/(2°S."K, + 0.40"|P|} (Pressure)
-15%11.75 / (2*11,812.64*1.00 + 0.40%]15])
-0.0075"
M/ (z*R2*S,*K,) (bending)
= 0/ {rn*11.8752*11,812.64*1.00)
= OII
t, = W/ {2'n"'R,"S,*K,} {Weight)
= -43.4 / (2*n*11.875%11,812.64*1.00)
= Ou

1l

I

!

il

m

b=ttty {total, net compressive)
= [-0.0075 + 0 - (0)]
= 0.0074"

[T RS W (total required, compressive)
= 0 +(0) - (-0.0075)

t, = o {Pressure)
t, = M/@RZ'SKSE) (bending)

= 0/{n*11.875*14,400*1.00*1.00)

- Oll V
t, = W/{2%"R_*SK,E,) {(Weight)
‘ = -43.4/(2*n*11.875"14,40071.00"1.00)

= Ou B

_ ) (total required,
b= bl tensile)

= 0+0-{0)

= O

fotal, net

tc = Itmc + twc ) tch t(9ﬂ5i|e)

= 10+(0)- (0

= g°
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Bottom Ellipsoidal Head

ASME Section VIll, Division 1, 2007 Edition, A08 Addenda

Component: . Ellipsoidal Head

Material Specification: SA-312 TP304 Wid & smis pipe (H-D p.90, In. 15}
Material Rated MDMT per UHA-51(d){1){a} = -320 °F

External design pressure: P, = 15 psi @ 100 °F

Static liquid head:

- P.= 0 psi {3G=1, H,=0" Operating head)
Py= 0.8483 psi (8G=1, H,=23.5" Horizontal test head)

Corrgsion allowance: Inner C = ¢" Cuter G =0"
Design MDMT = -320°F No impact test performed
Rated MDMT = N/A Material is not normalized

Material is not produced to fine grain practice
PWHT is not performed
Do not Opfimize MDMT / Find MAWP

Radiography: Category A joints - Full UW-11(a) Type 1
Head to shell seam - Full UW-t1(a) Type 1

Estimated weight*:  new =43.41b corr =434 b

Capagcity™: new = 10.2 USgal - corr = 10.2 US gal

* includes straight flange

Inner diameter = 235"

Minimum head thickness = 0.1875"

Head ratio D/2h = 2 {new)

Head ratio D/2h = 2 (corrodad)

Straight flange length L = 15"

Nominal straight flange thickness t; = 0.25"

Results Summary

The governing condition is UG-16,

Minimum thickness per UG-16

Design thickness due to external pressure (i)
Maximum allowable external pressure (MAER)

0.0625" + 0" = 0.0625"
82.82 psi

I

Maximum aliowable working pressure, {Corroded at 932 °F) UG-32(d)(1)

p 2*S*E*H(D + 0.2 - P,
2*14,400*1*0.1875/(23.5 +0.20.1875) - 0

229.42 psi

U |

The maximum allowable working pressure {MAWP) is 229.42 psi.
Maximum allowable pressure, (New at 70 °F} UG-32(d)(1)

P = 2SEWD+02Y-P,

321102
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2"20,000%1*0.1875/(23.5 +0.2*0.1875) - 0
318.64 psi

hon

The maximum allowable pressure {MAP) is 318.64 psi.
Design thickness for external pressure, (Corroded at 100 °F) UG-33(d)

Equivalent outside spherical radius (R,)

Ro = Ko*Do
= 0.8861 * 23.875
= 21.1552in

A 0.125 / (R )

0.125/(21.1552/0.061844)
0.000365

oo

From Table HA-1: B=5,131.1514 psi

P B/AR,/1)
5,131.151/(21.1552/0.061844)

15 psi

a

i on

t =  0.0618" + Corrosion = 0.0618" + 0" = 0.0618"
Check the external pressure per UG-33(a)}{ 1) UG-32{d)(1)

t 1.67"P,*D/(2*S"E - 0.2*1.67*P,) + Corrosion
1.67*15723.5/(2*20,000*1 - 0.2™1.67*15) + 0

0.0147"

o n

The head external pressure design thickness (t,) is 0.0618".
Maximum Allowable Externai Pressure, (Corroded at 100 °F) UG-33(d)

Equivalent outside spherical radius (R,)

Ro = Ko*Do
= 0.8861 * 23.875
a 21.1552 in

A 0.125/ (Ho/l)

0.125/ (21.1552/0.1875)
0.001108

it

From Table HA-1: B=9,344.501 psi
P B/(R,/t)
9,344.501/(21.1552/0.1875)
82.8209 psi

a

nmnu

Check the Maximum External Pressure, UG-33(a){(1) UG-32(d}(1)

P 2°S*EMA(D + 0.2")*1.67) - P,
2720,000*1*0.1875/((23.5 +0.2°0.1875)*1.67) - 0

190.8 psi

The maximum allowable exiernal pressure (MAEP) is 82.82 psi.
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- % Forming strain - UHA-44(a}{2)(b)

EFE

]

(75't/ RJ*(1 - R/ R,)
(75%0.25 / 4.12)*(1 - 4.12 / )
4.551%

il
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Copy of Copy of Nozzle #1 (N10)
ASME Section VIII Division 1, 2007 Edition, A08 Addenda

Lftowen = 0-0943 in
Leg,; = 0.1347in

Nola: round inside edges per UG-76(c)

Located om: Bolted Cover #1
Liquid static head included: 0 psi

Nozzle materiat specification: SA-240 304L {!I-D p. 82, In. 38)
Nozzis longitudinal joint efficlency: 1

Nozzle orientation: 280°

Local vessel minimum thickness: 2.75in

Nozzle inside diameter, new: 1.7305in
Nozzle nominal wall thickness: 0.1348in
Nozzle corrosion allowance: 0fin

Projection available outside vessel, Lpr; 3.251in
Distance to head center, R: 9.5in
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This nozzle passes through a Category A joint.

Reinforcement Calculations for External Pressure

UG-39 Area Calculation Summary (in?)
For Pe = 481.85 ps| @ 100 °F

The opening Is adequately reinforeed

Wall

UG-45 Nozzle

Thickness
Summary {in)

Tha nozzle passas

uG-45
A A A
required | available A1 Az A3 1 AS | welds treq tmin
2.0779 |2.078 |2.0106 §0.0493 - 10.0181, 10.1348 | 0.1348
UG-41 Weld Failure Path Analysis Summary (lby)
All fallure paths are stronger than the applicable weld loads
Weld load Weld load Path 1-1 Weld load Path 2.2
w W1 strength Wa.z strength
2,682.55 {1.12558 |(8.078.12 |13.502.37 |7.124.88
UW-16 Weld Sizing Summatry
Weld description Rec:lrll;eﬂ;;'eld A‘:;'z':l (}:;Id Status
Nozzle to shell filet (Lagay) 0.0943 0.0943 weld size Is adequate
Nazzls to shell groove (Lower) | 0,0943 0.0843 weld size is adequate

Calculations for external pressure 481.85 psi @ 100 °F

Paralie! Limits of reinforcement per UG-40

13

Ly

MAX(d, B, + {t,-C ) + {t- C))
MAX(1.7305, 0.8653 + (0.1348 - 0) + (2.75 - 0))

3.75in

Outer Normat Limits of reinforcement per UG-40

Ly

MIN(2.5%t - C), 25*t - C.) + 1.}
MIN(2.5%(2.75 - 0), 2.5*(0.1348 - 0) + 0)

0.33692in

Nozzle required thickness per UG-28 t , = 0.0616 in

From UG-34 required thickness t, = 2.4015 in

Area required per UG-39
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Allowable stresses: S, = 16,700, S, = 16,700 psi

fy=lesserof 1 orS5,/S, =1
f,=lesserof 1or§,/S, =1

A

]

0.5%(d""F + 2°L "t F*(1 - )
0.
2.0779 in?

Area available from FIG. UG-37.1

A, = larger of the following= 2.0106 in?

d{E - PL) - 2 E - F)Y(T - 1)
1.7305*(1%2.75 - 1°2.4015) - 2°0.1348*(1*2.75 - 1"2.4015)*(1 - 1)

0.603 in?

25t + t)NE - Ft) - 27t (M - P -£,)
2(2.75 + 0.1348)*(1*2.75 - 1°2.4015) - 2°0.1348*(1*2.75 - 1*2.4015)*(1 - 1)
© 2,0106 in?

A, = smaller of the following= 0,0493 in?

Area

As Area >= A the reinforcement is adequate.

2*(tn - trrt) *fr2*Lpr
2*(0.1348 - 0.0616)*1%3.25
0.4754 in2

5°(t, -t o't
5*(0.1348 - 0.0616)*1*0.1348
0.0493 in?

Leg®*f,,
0.13472*1
0.0181 in®

Aj+ A+ Ay
2.0106 + 0.0493 + 0.0181
2.078 in?

UW-16(d) Weld Check

tom = lesserof 0.75 or t, ort = 0.1348 in

L iy OF t?(min)

tactuay = 0-7°L€g = 0.7*0.1347 = 0.0943 In
The weld size t, is satisfactory.

) =0.0843 in

The weld size t, is satisfactory.

t

Z{actual

5%
§*(1.73052.4015"1 + 2*0.1348%2.4015™1*(1 - 1))

= lesser of 0.25 or 0.7t ;, = 0.0943 in
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t, +1, = 0.1886 >= 1.25M
The combined weld sizes for t; and t, are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a}: t,=0.0618in
Wall thickness per UG-45(b)(2): t, =2.4015in
Wall thickness per UG-16(b): tg=0.0625in
Standard wall pipe per UG-45(b)(4): t, =0.1348 in
The greater of t, or {5 ts =2.4015in
The lesser of t, or 1 ts=0.13481in

Required per UG-45 is the larger of ., ort; = 0.1348 in
Available nozzle wall thickness new, 1, = 0.1348 in
The nozzle neck thickness is adequate.

Allowable stresses in joints UG-45(c) and UW-15(c)

Groove weld In tension:  0.74*16,700 = 12,358 psi
Nozzie wall in shear; 0.7'16,700 = 11,690 psi
Inner fillet weld in shear: 0.49*16,700 = 8,183 psi

Strength of welded joints:

{1) Inner fillet weld in shear
(n/2)*Nozzle OD"Leg*S, = (n/2)*2*0.1347"8,183 = 3,462.82 I

(3} Nozzle wall in shear
(n/2)*Mean nozzle dia’t,*S,, = (n/2)*1.8653"0.1348"11,690 = 4,615.3 ib,

{4) Groove weld in'tension
(n/2)*Nozzle OD",*S, = (r/2)"2*0.0943"12,358 = 3,662.06 Ib,

l.oading on welds per UG-41(b)(1)

W

(A-A, + 2 (€t - PL)S,
= (20779-2.0106 + 2°0.1348"1%(1*2.75 - 1°2.4015))*16,700
- 2692551

Wi = (Aot A+ Ay +Ap)'S,
= (0.0493 + 0 + 0.0181 + 0)*16,700
= 1,125.58 Ib,

Woo = (Ay+ Ag+ Ay + AL+ 20108,
= (0.0493 + 0 + 0.0181 + 0 + 2*0.1348*2.75*1)*16,700
= 13502.371b, :
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Load for path 1-1 lesser of W or W, , = 1125.58 Ib;

Path 1-1 through (1) & (3) = 3,462.82 + 4,615.3 = 8.078.12 Ib;
Path 1-1 is stronger than W, , so it is acceplable per UG-41(b){f).

Load for path 2-2 lesser of W or W, , = 2692.55 Ib,

Path 2-2 through (1), (4} = 3,462.82 + 3,662.06 = 712488 Ib,
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

% Forming strain - UHA-44(a)(2){(a)

EFE

(50*t/ R)*(1 - R,/ R)
{50"0.1348 / 0.9326)"(1 - 0.9326 / o)
7.2242%

External Pressure, (Corroded & at 100 °F) UG-28(c)
L/D, = 3.25/2 =1.6250
2/0.0616

D, /1 32.4625
From table G: A = 0.004459
From table HA-3: B = 11,732 psi

1

P

a

4*B /7 (3*(D, /1)
4*11731.5215/(3*(2/ 0.0618))
481.85 psi

il

Design thickness for external pressure P, = 481.85 psi

t, = t+Cotrosion= 0.0616+0 o
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éopy of Copy of Nozzle #1 (N9)
ASME Section Vill Division 1, 2007 Edition, A08 Addenda

tw(lower) = 00943 il’t
leg,, = 0.1347in

Note: rouind nsida edges par UG-76(c)

Located on: Bolted Gover #1
Liquid static head included: 0 psi

Nozzle material specification: SA-240 304L (i-D p. 82, in. 38)
Nozzle longitudinal joint efficiency: 1

Nozzle orientation: 200°

Local vessel minimum thickness: 2.751in

Nozzle inside diameter, new: 1.7305in
Nozzle nominal wall thickness: 0.1348in
Nozzle corrosion allowance: 0in

Projection available outside vessel, Lpr: 3.25 in
Distance to head center, R: 9.5in

40102
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This nozzle passes through a Category A joint.

Reinforcement Calculations for Exiernal Pressure

UG-45 Nozzle
UG-39 Area Calculation Summary (in?) Wall
For Pe = 481.85 psi @ 100 °F TthkI'IES?
The opening Is adequately reinforced Summary (ln)
The nozzle passes
LG-45
A A A
required | available A1 A2 A3 1A [ welds freq tmin
20779 12078 (2.0106 | 0.0493 |-~ [~ [0.018110.1348 |0.1348
UG-41 Weld Failure Path Analysis Summary (Iby)
All faflure paths are stronger than the applicable weld loads
Weld load Weld load Path 1-1 Weld load Path 2-2
w Wy strangth Wa.o strength
269255 |1.12558 [(8.078.12 (1350237 [7.124.88
UW-16 Weld Sizing Summary
Weld description n°“s‘lf:fg:;'°'d Afi‘z’:'(‘i":“;‘d Status
Nozzle to shell fillet (Legar) 0.0943 0.0943 | weld size is adequate
Nozzle to shell groove (Lower} | 0.0943 0.0943 weld size is adequate

Calcuiations for external pressure 481.85 psi @ 100 °F

Parallel Limits of reinforcement per UG-40

Ln

H

1

MAX(d, R, + {{,-C,) + (t

-C)

MAX(1.7305, 0.8653 + (0.1348-0) + (275-0))

3.75in

Outer Normal Limits of reinforcement per UG-40

Ly

i

1

MIN(2.5*(t - C), 2.5t - C,) +1,)
MIN(2.5%(2.75 - 0), 2.5*(0.1348 - 0) + 0)

0.3369 in

Nozzie required thickness per UG-28 t,, = 0.0616 in

From UG-34 required thickness t, = 2.4015 in

Area required per UG-39
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Allowable stresses: S, = 16,700, §, = 16,700 psi

f,, =lesserof 1 or §,/8, =1
fo=lesserof 1 or S /S, = 1

A 0.5*(d'F + 21 "t *F*(1 - )

0.5%(1.7305*2.4015"1 + 2°0.1348*2.4015*1*(1 - 1))
20779 in?

1}

it

Area avallable from FIG. UG-37.1
A, = larger of the following= 2.0106 in?

= d (B - B - 297 (Bt - Pl - 1)
= 1.7305%(1*2.75 - 1*2.4015) - 2*0.1348*(1*2.75 - 1*2.4015)*(1 - 1)
= 0.603 in2 :

= 2%+ )NE - P - 2, (E, Tt - PN <)
= 2%2.75 + 0.1348)*(1*2.75 - 1*2.4015) - 2°0.1348*(1*2.75 - 1*2.4015)*(1 - 1)
= 2.0106in2

A, = smaller of the following= 0.0493 in?

= 2*(tn - 1"'.rn) *frE*Lpr
= 2%(0.1348 - 0.0616)"1*3.25
= 0.4754 in?

= 5t -t )
= 5*0.1348 - 0.0616)"1°0.1348
= 0.0493In2

Ay = Leg®f,
= 0.13472*1
= 0.0181in?

Area = A+ A+ Ay
=  2.0106 + 0.0483 + 0.0181
= 2078in?

As Area >= A the reinforcement is adequate.
UW-186(d) Weld Check

tn = lesserof 0.75 or t, or{ = 0.1348 in
tyimin) OF tagmin) = l€SSY OF 0.25 07 0.7, = 0.0943 in
tyaotay = 0-7°Leg = 0.770.1347 = 0.0943 in

The weld size t, is satistactory.

t , = 0.0943 in

2{actual A . .
The weld size t, is satisfactory.
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t, +1,=0.1886 >= 1.25
- The combined weld sizes for {, and t, are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): t,; =0.0616 in
Wall thickness per UG-45(b){2): t, =2.4015in

Wall thickness per UG-16(b): ty = 0.0625in
Standard wall pipe per UG-45(b)(4): t,=0.13481in
The greater of {,, or iy t;=2.4015in
The lesser of t, or te=10.1348 in

Required per UG-45 is the larger of ,, ortg = 0.1348 in

Available nozzle wall thickness new, t, = 0.1348 in
The nozzle neck thickness is adequate.
Allowable stresses in joints UG-45(c) and UW-15(c)

Groove weld in tension:  0.74*16,700 = 12,358 psi
Nozzle wall in shear; 0.7*16,700 = 11,690 psi
Inner fillet weld in shear: (.49"16,700 = 8,183 psi

Strength of welded joints:

{1) Inner fillet weld in shear
(n/2)*"Nozzle OD*Leg*S, = (n/2)*20.1347*8,183 = 3,462.82 b,

(3} Nozzle wall in shear
(r/2)"Mean nozzle dia™,*S, = (r/2)"1.865370.1348"11,690 = 4,615.3 I

{4) Groove weld in tension
(n/2)"Nozzle OD*,*S, = (n/2)*2*0.0943"12,358 = 3,662.06 Ib,

Loading on welds per UG-41{b)(1)

W (A- A, +2 T, "(E/ - PO)S,
= (2.0779-2.0106 + 2°0.1348"1*(1°2.75 - 1*2.4015))*16,700

2,692.55 b,

Wi = (A +As+A,+AL'S,
= (0.0493 + 0 + 0.0181 + 0)*16,700

Woo = (Aj+ A+ Ay + A+ 2711 )78,
= (0.0493 + 0+ 0.0181 + 0 + 270.1348*2.75*1)*16,700
= 13.502.37 Iy,
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Load for path 1-1 lesser of W or W, , = 1125.58 Ib,
Path 1-1 through (1) & (3) = 3,462.82 + 4,615.3 = 8.078.12 Iy,

Path 1-1is stronger than W, , so it is acceptable per UG-41{b}{1).

Load for path 2-2 lesser of W or W, , = 2692.55 Ib;
Path 2-2 through (1), (4) = 3,462.82 + 3,662.06 = 7.124.88 ib;
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

% Forming strain - UHA-44(a)(2)(a)

EFE (50*t/ RY*(1 - R/ R,)
(50%0.1348 / 0.9326)*(1 - 0.9326 / o)

7.2242%

External Pressure, {Corroded & at 100 °F) UG-28(c)

L/D,
D/t = 2/0.0616

3.25/2 =1.6250

32.4625
From table G: A = 0.004459
From table HA-3: B = 11,732 psi

P

a

4B/ (3*(D, / 1))
4*11731.5215/ (3*(2 / 0.06186))
481.85 psi

I

1

Design thickness for external pressure P, = 481.85 psi

t, = t+Corrosion= 0.0616+0 0.0616"
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Copy of Copy of Nozzle #4 (N11)
ASME Section VIl Division 1, 2007 Edition, A08 Addenda

tw(lower) = 0-1875 in

Leg,; = 0.25in
Note: round Inside edges per UG-76(c}
Located on: Bolted Cover #1
Liguid static head included: 0 psi :
Nozzle material specification: SA-312 TP304 Wid & smls pipe (lI-D p. 90, In, 15)
Nozzle longitudinal joint efficiency: 1
Nozzle description: 4" Sch 408 (5id)
Nozzle ciientation: 330°
Local vessel minimum thickness: 2.75in
Nozzle inside diameter, new: 4.026 in
Nozzle nominal wall thickness: 0.237 in
Nozzle corrosion allowance: 0in
Projection available outside vessel, Lpr: 3.25in
Distance to head cenier, R: 7.56in
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This nozzle passes through a Category A joint.

Reinforcement Calculations for External Pressure

UG-45 Nozzle
UG-39 Area Calculation Summary (in?) Wall
Far Pe = 363.62 psi @ 160 °F Th!Cki"IES§
The opening Is adequately reinforced Summary (ln)
) The nozzle pasaes
UG-45
A A ) A
required | available A Az Az | As welds treq tmin
4.1995 14,1996 [ 3.9656 {01715 |- |- [0.0625 |0.2074 |0.2074
UG-41 Weld Failure Path Analysis Summary (ib;}
All failure paths are stronger than the appiicable weld loads
Weld load Weld load Path 1-1 Weld load Path 2.2
w Wit strength Wo.n strength
9.160.73 |(3.907.8 [36.678.80 |25676.25 {30.839.35

UW-16 Weld Sizing Summary

Weld description Heqsl.;:'ae;;eld A‘:;:' c\;:;ld Status
Nozzle to shell fillat (Leg41) 0.1659 0.175 weld size Is adequate
Nozzie to shell groove (Lower) | 0.1659 0.1875 wald size is adequate

Caleulations for external pressure 363.62 psl @ 100 °F

Parallel Limits of reinforcement per UG-40

Ln MAX(d, R, + {t -G} + (t- C))
MAX(4.026, 2.013 + (0.237 - 0) + (2.75 - 0))

5in

It

Outer Normal Limits of reinforcement per UG-40

MIN(2.5%(t - G), 2.5(t, - C,) +1,)
MIN(2.5%(2.75 - 0), 2.5%(0.237 - 0) + 0)
0.5925 in

Ly

Nozzle required thickness per UG-28 t,, = 0.0823 in
From UG-34 required thickness t, = 2.0862 in

Area required per UG-39
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Allowable stresses: S = 20,000, §, = 16,700 psi

fy=lesserof tor§,/8, =1
f,=lesserof 1 or S /S, = 1

A

0.5*(d",F + 2L, "t *F*(1 - 1))
0.57(4.026%2.0862*1 + 270.237*2.0862*1*(1 - 1))
4.1995 in2

il

I

Area available from FIG. UG-37.1
A, =larger of the following= 3.9656 in?

= d(Et- PR - 27 E - )T - 1)
= 4.026*(1%2.75 - 1*2.0862) - 2"0.237*(1*2.75 - 1*2,0862)*(1 - 1)
= 26725in2

= 2Ht+L)MEM- P - 2 ME - FYH(T - 1)
= 2%(2.75+ 0.237)(1*2.75 - 1*2.0862) - 2°0.237%(1*2.75 - 1*2.0862)*(1 - 1)
=  3.9656 In2

A, = smaller of the following= 0.1715 in?

= 27, - )L,
= 2'{0.237 - 0.0923)*1"3.25
= 0.9405in®

= Bt -t
= 5%0.237 - 0.0923)*1*0.237
= 0.4715in?

Ay, = leg¥i,
= 0.25%"1
= 0.06251n?

Area = A +A+ A,
= 3.9656 + 0.1715 + 0.0625
= 4.1996in?

As Area >= A the reinforcement is adequate.
UW-16(d) Weld Check

ton =lesserof 0.75 ort, ort=0.237in

Yminy ©F topminy = lesser of 0.25 or 0.7°1;, = 0.1659 in
Yy ooy = 0.77160 = 0.7°0.25 = 0.175 in

~ The weld size t, is satisfactory.

tyacuay = 01875 in

The weld size t, is safisfactory.
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t +1t, = 0.3625 >= 1.25%
The combined weld sizes for t; and t, are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): t=0.0923in
Wall thickness per UG-45(b){2): t, = 2.0862 in
Wall thickness per UG-16(b): ts = 0.0625in
Standard wall pipe per UG-45(b)(4): 1, =0.2074in
The greater of t, or t4: tg ~2.0862in
The lesser of t, or {5 te = 0.2074 in

Regulired per UG-45 is the larger of £, or 1, = 0.2074 in
Available nozzle wall thickness new, t, = 0.875*0.237 = 0.2074 in
The nozzle neck thickness is adequate.

Allowable siresses in joints UG-45(c) and UW-15(c)

Groove weld in tension:  0.74*16,700 = 12,358 psi
Nozzle wall in shear: 0.7°20,000 = 14,000 psi
Inner fillet weld in shear: 0.49%*16,700 = 8,183 psi

Strength of welded joints:

(1) inner fillet weld in shear
(r/2)*Nozzle OD*Leg*S, = (n/2)*4.5*0.25"8,183 = 14,460.55 by

(3} Nozzle wall in shear
(n/2)*Mean nozzle dia*t*S, = (n/2)*4.26370.237%14,000 = 22,218.34 Ib;

{4) Groove weld In tension
(n/2)*Nozzle OD*1,*S, = (1/2)*4.5"0.1875*12,358 = 16,378.79 Ib,

Loading on welds per UG-41(b)(1)

W

(A-A, + 2t ' *(E,*t - F1)'S,

n 'ri

= (41995 - 3.9656 + 2°0.237"1*(1*2.75 - 1*2.0862))*16,700
= 9160.731b,

W, = (s + A+ Ay +ALYS,
= (01715 + 0 + 0.0625 + 0)*16,700
= 3.907.8 Ib,

Woo = (A + A+ Ay + A+ 2°171,)°S,
= {0.1715+ 0 + 0.0625 + 0 + 2*0.237*2.75%1)"16,700
= 25.676.25 Ib,
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Load for path 1-1 lesser of W or W, , = 3907.8 Iby

Path 1-1 through (1) & {3) = 14,460.55 + 22,218.34 = 36.678.89 o
Path 1-1 s stronger than W, , so it is acceptable per UG-41(b)(1).

Load for path 2-2 lesser of W or W, , = 9160.73 Ib,

Path 2-2 through (1), (4) = 14,460.55 + 16,378.79 = 30,839.35 b,
Path 2-2 is stronger than W so it is acceptable per UG-41{b){2).

External Pressure, (Corroded & at 100 °F) UG-28{c)

L/D, 3.25/45 =07222

48.7536
From table G: A = 0.005779
From tabie HA-1: B = 13,296 psi

D,/t = 4.5/0.0923

P, = 4B/ (3*(D, /1))
4*13295.7129 / (3*(4.5 / 0.0923))
363.82 psi

Design thickness for external pressure P, = 363.62 psi

t, = t+Corosion=0.0923 + 0 0.0923"
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Copy of Copy of Nozzle #4 (N7)
ASME Section VIl Division 1, 2007 Edition, A08 Addenda

tw(fower) = 0.1875 in

Leg,, = 0.25in
Note: round insids edges per UG-76(c)
Located on: Buolted Cover #1
Liquid static head included: 0 psi
Nozzle material specification: SA-312 TP304 Wld & smils pipe {(I-D p. 99, In. 15)
Nozzle longitudinal joint efficiency: 1 ]
Nozzle description: 4" Sch 408 (Std)
Nozzle orientation; 240°
Local vessel minimum thickness: 2.75in
Nozzle inside diameter, new:; 4.026 in
Nozzle nominal wal! thickness: 0.237 in
Nozzle corrosion allowance; gin
Projection available outside vessel, Lpr: 3.251in
Distance to head center, R: 8in
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This nozzle passas through a Category A joint.

Reinforcement Caleculations for External Pressure

UG-39 Area Calculation Summary (in2)

For Pe = 363.62 psi @ 100 °F
- The opening is adequately reinforced

UG-45 Nozzle

Wall
Thickness

Summary (in)

The nozzle passes

UuG-45
A A A
required | avaflable Az A3 [As | welds treq tmin
4.1995 [4.1906 [3.9636 jQ.1715 [ 1-- 10.0625 10.2074 | 0.2074

UG-41 Weld Fallure Path Analysis Summary (lby)

Al faliure paths are stronger than the applicable weld loads

Weld load Weld load Path -1 Weld load Path 2-2
w W4 strength Waa sirength
9.160.73 |3.907.8 (36.67/8.80 12567625 |30.838.35
UW-16 Weld Sizing Summary
Weld description Heqst;::a:;sld A""s‘;il(‘ﬁgld Status
Nozzla to shefi #illat (Leg41) £.1659 0.175 weld size is adequaia
Nozzle 1o shall groove {Lower) | 0.16538 0.1875 weld siza is adequate

Calculations for external pressure 363.62 psi @ 100 °F

Parallel Limits of reinforcement per UG-40

Lg

il

Il

Outer Normal Limits of reinforcement per UG-40

Ly

MAX(d, R_ + (t,- C.) + (t- C))
MAX(4.026, 2.013 + (0.237 - 0} + (2.75 - O))

5in

MIN(2.5%(t - C), 2.5*t, - C,} + 1)

MIN(2.5"(2.75 - 0}, 2.5*(0.237 - 0) + 0)
0.5925 in

Nozzle required thickness per UG-28 = 0.0923 in

From UG-34 required thickness t, = 2.0862 in

Area required per UG-39
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Allowable stresses: S, = 20,000, S, = 16,700 psi

f.y =lesserof 1 or § /S, = 1
f,=lesserof 1orS /S, =1

A = 05 (dMF + 2 TFT - 1,)
= 0.5%(4.02672.0862*1 + 2*0.237*2.0862*1*(1 - 1))
= 4.1995in?

Area available from FIG. UG-37.1
A, = larger of the following= 3.9656 in®

= @(E-FT) - 21 4E - BT -1)
= 4.026%(1%2.75 - 1"2.0862) - 2°0.237*(1*2.75 - 1*2.0862)*(1 - 1)
= 2.6725in?

= 2L+ tEM - P - 2 0E, - (1 - 1)
= 2275+ 0.237)*(1"2.75 - 1*2.0862) - 2*0.237*(1*2.75 - 1*2.0862)*(1 - 1)
= 3.9656in2

A, = smaller of the following= 0.1715 in?

= -2*(tn - .trn)*frz*[“pr
= 2*(0.237 - 0.0923)*1*3.25
= 0.9405 in2

= 5*(t, - o) e
= 5*(0.237 - 0.0923)*1*0.237
= 0.1715in2

A, = Lleg®f,.
= 0.25%"1
= 0.0625in?

Area = A+ A+ A,
= 3.96506 +0.1715 + 0.0625

= 4.1996 in?
As Area >= A the reinforcement is adequate.
UW-16(d) Weld Check

tn = lesserof 0.75 or {, ort=0.237 in

b iy OF t2(mlr2 = lesser of 0.25 or 0.7, = 0.1659 in
Y faowap = 0-77L6g = 0.7*0.25 = 0.175 in

The weld size 1, is safisfactory.

toiactuay = 0-1875 in

The weld size t, is satisfactory.
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1, +1, = 0.3625 >= 1.25" __
The combined weld sizes for t, and t, are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): ty=0.0923in
Wall thickness per UG-45(b)(2): t, =2.0862 in
Wall thickness per UG-16(b}: t,=0.0625in
Standard wall pipe per UG-45(b)(4): t, =0.2074in
The greater of t, or t5: ts = 2.0862in
The lesser of t, or 1. te=0.2074in

Required per UG-45 is the larger of t, or t ¢ = 0.2074 in
Available nozzle wall thickness new, t, = 0.875*0.237 = 0.2074 in
The nozzie neck thickness is adequate.

Allowable stresses in joints UG-~45(c) and UW-15(c)

Groove weld in tension:  0.74%16,700 = 12,358 psi
Nozzle wall in shear: 0.7*20,000 = 14,000 psi
inner fillet weld in shear: 0.49*18,700 = 8,183 psi

Strength of welded joints:

(1) Inner fillet weld in shear
(m/2)"Nozzle OD"L.eg"S, = (n/2)*4.5"0.2578,183 = 14,460.55 I,

(3) Nozzie wall in shear

(n/2)"Mean nozzle dia*t,"S, = (r/2)"4.263"0.237*14,000 = 22,218.34 I,

{4) Groove weld in tension
(n/2)*Nozzle OD*t,*S, = (n/2)*4.5*0.1875*12,358 = 16,378.79 Ib,

Loading on welds per UG-41(b)(1)

W

(A=A, + 2T, "(E, 't - F1))'S,

n ri

= (4.1995 - 3.9656 + 2*0.237*1*(1*2.75 - 1*2.0862))*16,700

= 9160730,

W, = (A + Ag+ Ay + AL)Y'S,
= (01715 + 0 + 0.0625 + 0)*16,700
= 39078lb,

Woo = (Ap+Ag+ Ay, + A+ 27 1,)"S,
= (01715 + 0 + 0.0625 + 0 + 2*0.237*2.75"1)*16,700
25,676.25 Ib,

M
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Load for path 1-1 lesser of W or W, | = 3907.8 Ib,

Path 1-1 through {1) & {3) = 14,460.55 + 22,218.34 = 36.678.89 [o
Path 1-1 is stronger than W, , so it is acceptable per UG-41(b)(1).

Load for path 2-2 lesser of W or W, , = 9160.73 Ib;

Path 2-2 through (1), (4) = 14,460.55 + 16,378.79 = 30.839.35 b,
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2}.

External Pressure, (Corroded & at 100 °F) UG-28(c)

L/D,
D/t = 45/0.0923

3.25/45 =07222

48.7536
From table G: A = 0.005779
From table HA-1: B = 13,296 psi

P, = 4B/(3*(D, /1)
4*13295.7129 / (3*(4.5 / 0.0923))

363.62 psi

[

a

It

Design thickness for external pressure P, = 363.62 psi

t, = t+Corosion= 0.0923+0 _  oon,
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Copy of Nozzle #1 (N2)

ASME Section VIl Division 1, 20607 Edition, A08 Addenda

Nota: round Inside edyes per UG-76(c)

Located on:

Liquid static head included:

Nozzle matetial specification:

Nozzle longitudinal joint efficiency:
Nozzle crientation:

Local vessel minimum thickness:
Nozzle center line offset to datum line:
End of nozzle to shell center:;

Nozzle inside diameter, new:

Nozzle nominal wall thickness:

Nozzle corrosion allowance:
Projection available outside vessel, Lpr:
internal projection, h, .,

tw{lower) = 0in
Legy, = 0.125in

Leg,y= 0125in
hew= 1in

Vacuum Vessel Shell

0 psi

SA-240 304L (11-D p. 82, In. 38)
1 .
180°

0.2188 in

8in

18in

1.75in

0.125in

0in

1in

1in
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This nozzle passes throeugh a Category A joint,

Reinforcement Calculations for External Pressure

UG-45 Nozzle
UG-37 Area Calculation Summary (in?) Wall
For Pe = 56.26 psi @ 100 °F Thlcknes.s
The openlng is adequately reinforced Sum mary (In)
The nozzle passes
UG-45
A A A
required | avallable A1 Az Ag As | elds treq tmin
0.1806 |0.1806 | 0.0203 |0.0601 [0.0652 [-- |0.026 (0.0625 {0.125

UG-41 Weld Failure Path Analysis Summary

Weld strength calculations are not required for external

pressture
UW-16 Weld Sizing Summary
Required weld Actual weld
Weld description throat size {In} | throat skze {in} Status
Nozzle to shell fillet (Leg41) 0.0875 0.0875 weld size is adequata
0.0875

Nezzle to Inside shell fillst (Leg 42) wald size is adequate

00873 {corroded)

Calculations for external pressure 56.26 psi @ 100 °F

Parallel Limits of reinforcement per UG-40

MAX(d, R + (.- C,) + (t- C})
MAX(1.75, 0.875 + {0.125 - 0) + {0.2188 - 0))
1.75in

bg

1l

Quter Normal Limits of reinforcement per UG-40

II

MIN(2.5%(t - C), 2.5%(t, - C,) +1,}
MIN(2.5%(0.2188 - 0), 2.5*(0.125 - 0) + 0)
0.3125in

Ly

i

Inner Normal Limiis of reinforcement per UG-40

MIN(2.5%(t - C), 2.5*{t; - G, - C))
MIN(2.5%(0.2188 - 0}, 2.5%(0.125 - 0 - 0))
0.3125in

L

I

I

Nozzle required thickness per UG-28 1, = 0.0099 in
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From UG-37(d)(1) required thickness t, = 0.2017 in

Area required per UG-37(d)(1)
Allowable stresses. S = 16,700, S, = 20,000 psi

f, =lesserof 1 or S /S, = 0.835
f,=lesserof { or S /8, = 0.835

A 0.5*(d,"F + 2%, "F*(1 - £ ))
0.5%(1.75%0.2017*1 + 20.125"0.2017*1*(1 - 0.835))

0.1808 in?

Area available from FIG. UG-37.1

I

Hi

A, = larger of the following= 0.0293 in?

= dEM- P - 24 (Bt PN - 1)
= 1.75*(1*0.2188 - 1*0.2017) - 2°0.125*(1*0.2188 - 1*0.2017)*(1 - 0.835)
= 0.0293in?

= 2t E)ME - P - 24N E T PR )
= 2%(0.2188 + 0.125)*(1*0.2188 - 170.2017) - 2°0.125%(1*0.2188 - 1*0.2017)*(1 - 0.835)
= 0.0111in2 |

A, = smafler of the following= 0.0601 in?

= Bt -t )"
= 5%0.125 - 0.0099)*0.835"0.2188
= 0.1051in?

= Bt - )M
= 5*(0.125 - 0.0099)*0.835*0.125
= 0.0601 in?

A, = smaller of the following= 0.0652 in?

= S*t*Tl* 12
= 5'0.218870.125"0.835
= 014142in2

= S*ti*ti*frz

= 5"0.125%0.12570.835
= D.0BB2in?
=z,

= 2"1*0.125%0.835

= Q.2Q88 inZ
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A41 = LegQ*frg
= 0.1252*0.835
= 0013iIn?

Ay = Leg®i,
: = 0.125270.835
= 0M3in?

Area = A + A+ A+ A, +A,
= 0.0283 + 0.0601 + 0.0652 + 0.013 + 0.013

= 01806 in?
As Area >= A the reinforcement s adequate.
UW-16(d) Weid Check
toin = lesser of 0.75 or t, or t = 0.125in
b iy OF tz(m!n) = lesser of 0.25 or 0.7"t ;, = 0.0875 in
tyectuay = 0-7Leg = 0.7*0.125 = 0.0875 In
The weld size t, is satisfactory.
baouay = 0-7°L6Q = 0.70.125 = 0.0875 in
The weld size 1, is satisfactory.
t, +t,=0.175 >=1.25"_
The combined weld sizes for t, and t, are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): t, = 0.0099 In
Wall thickness per UG-45(b)(2): t, =0.0331in
Wall thickness per UG-18(b): t, = 0.0625in
Standard wall pipe per UG-45(b)(4): t, =0.1348in
The greater of t, or tq: tg = 0.0625 in
The lesser of t, or {5 s =0.0625in

Required per UG-45 is the larger of t,, or t, = 0.0625 in
Avallable nozzle wall thickness new, t, = 0.125in
The nozzle neck thickness is adequate.

% Forming strain - UHA-44(a)(2)(a)

EFE

(50*t/R)*(1- R,/ R)
(50*0.125 / 0.9375)*(1 - 0.9375 / =)
6.6667%
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External Pressure, (Corroded & at 100 °F) UG-28(c)

i

L/D, = 1.0417/2 =0.5209

D/t = 2/0.0099 =201.8611
From table G: A = 0.000924
From table HA-3: B = 8,518 psi
P

a

A'B/(8%(D, /)
4'8518.4580 / (3*(2 / 0.0099))
56.27 psi

i

il

I

Design thickness for external pressure P, = 56.27 psi

t, = t+ Corrosion=0.0099 + 0 0.0099"
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Copy of Nozzle #1 (N3)

ASME Section VI Division 1, 2007 Edition, A08 Addenda

Note: round Insids edges per UG-78{c)

Located on:

Liquid static head included:
Nozzle material specification:
Nozzle longitudinal joint efficiency:
Nozzle orientation:

Local vessel minimum thickness:
Nozzle center fine oifset to datum line:
End of nozzle to shell center:
Nozzle inside diameter, new:
Nozzle nominal wall thickness:
Nozzle corrosion allowance:

Projection available outside vessel, Lpr:

internal projection, h,,,:

tw(lo\f\.'er) = 0in
Leg, = 0.125in

Pew= 10N

Vacuum Vessel Shell
0 psi

SA-240 304L (li-D p. 82, In. 38)
1

300°

0.2188in

8in

13 in

1.751in

0.1251in

0in

1in

tin

leg,; = 0.1250In
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This nozzle passes through a Category A joint.

Reinforcement Calculations for External Pressure

UG-45 Nozzle
UG-37 Area Calculation Summary (in?) Wall
For Pe = 56.26 pst @ 180 °F Thickness
The opening is adequately refnforced Summary (in)
The nozzle passes
UG-45
A A A
required | available Ay Az A3 A5 { elds treq tmin
0.1806 |0.1806 | 0.0293 | 0.0601 [0.0652 |- |0.026 |0.0625 {0.125
UG-41 Weld Failure Path Analysis Summary
Weld strength calculations are not required for external
pressure
UW-16 Weld Sizing Summary
Required wald Actual weld
Weld description throat size (in} | throat sfze (in) Status
Nozzle to shed fiftet {Leg4t) 0.0875 0.0875 weld size Is adequate
- 0.0875 -
Nozzle to inside shell filiet (Le weld size is adequate
teoed 10,0670 {corroded) 4

Calculations for external pressure 56.26 psi @ 100 °F

Paralle! Limits of reinforcement per' UG-40

"

Ln MAX(d, R, + {t, - C,) + (t - C))

[

1.75in

1l

Outer Normal Limits of reinforcement per UG-40

MIN(2.5%(t - C), 2.5, - C,) + )
MIN(2.5*(0.2188 - 0), 2.5*(0.125 - 0) + 0)
0.3125n |

Ly

il

Inner Normal Limits of reinforcement per UG-40

MIN(2.5%(t - C), 25", - C, - C))
MIN(2.5*(0.2188 - 0), 2.5*(0.125 - 0 - 0))
0.312510n

L

i

Nozzle required thickness per UG-28 t,, = 0.0099 In

MAX(1.75, 0.875 + {0.125 - 0} + (0.2188 - 0))
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From UG-37(d)(1) required thickness t, = 0.2017 in

Area required per UG-37(d)(1)
Allowable stresses: 8, = 16,700, S, = 20,000 psi

fq=lesserof 1 or 8 /S, = 0.835
fo = lesserof 1 or §/S, = 0.835

]

A 0.5*(d*F + 2", F*(1 - )
0.5(1.75"0.2017*1 + 2°0.125*0.2017*1*(1 - 0.835))

0.1806 in?

Area available from FIG. UG-37.1

I

A, = larger of the following= 0.0293 in?

= dYEt- P - 2 ME - PR - 1)
= 1.75*(170.2188 - 1*0.2017) - 2*0.125%(1*0.2188 - 1*0.2017)*(1 - 0.835)
=  0.0293in?

= 2+ LP(EM- P - 2NE - P -£)
= 2*(0.2188 + 0.125)*(1*0.2188 - 1*0.2017) - 2*0.125*(1*0.2188 - 1*0.2017)*(1 - 0.835)
= 0.0111in2

A, = smaller of the following= 0,0601 in2

= Bt -t )Lt
=  5"(0.125 - 0.0099)*0.835"0.2188
-=  0.051in2 :

= 5*(tn - trn) *fr2*tn
= 5*(0.125 - 0.0089)*0.835*0.125
= 0.0601 in2

A, = smaller of the following= 0.0652 in?

- sy,
= 5%0.2188"0.125%0.835
= 0.1142 in®

= S,

=  5%0.1250.1250.835
= 0.0852n?

= 2,

= 2"170.125%0.835

= 0.2088in?
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Ay = Leg®i,
= 0.1252*0.835
= D,(Ni in?

A43 = Legz*fm
= 0.1252*(.835
= 0.013in?

Area = A +A +Aj+ AL+ A,
= 0.0293 + 0.0601 + 0.0652 + 0.913 + 0.013
= 0.18061in?

As Area >= A the reinforcement is adequate.

UW-16(d) Weld Check

toin = lesserof 0.750rt, ort = 0.125 in

t1(min) or tz{min) = fesser Of 0.25 ar 0.7*tmgn = .0875 in

Y acay = 0.7"Leg = 0.7*0.125 = 0.0875 in

The weld size 1, is satisfactory.

bactuay = 0.7*Leg = 0.7*0.125 = 0.0875 in

The weld size t, is satisfactory.

t+t,=0.175>= 1.25"

The combined weld sizes for t, and t, are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): ty=0.0099in
Wali thickness per UG-45(b)(2): t. =0.0331in
Wall thickness per UG-16(b): t.=0.062510n
Standard wall pipe per UG-45(b)(4): t, = 0.1348 in
The greater of t, or t;: s =0.0625 In
The lesser of t, ort: g =0.0625in

Required per UG-45 is the larger of t,, or t,, = 0.0625 in

Available nozzle wall thickness new, t. = 0.125 in
The nozzle neck thickness is ‘adequate.
% Forming strain - UHA-44(a)(2)(a)

EFE

It

(50*/ R)*(1- R,/ R,)
(50"0.125 / 0.9375)*(1 - 0.9375 / oc)
6.6667%

1
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External Pressure, (Corroded & at 100 °F) UG-28(c)

L/D, 1.0417/2 =0.5209

D, It 2/0.0099 =201.8611
From table G: A = 0.000924
From table HA-3: B = 8,518 psi

i

P, = 4B/ (3*(D, /1)
4*8518.4590 / (3*(2 / 0.0099))
56.27 psi '

il

14

Design thickness for exiernal pressure P, = 56,27 psl

t, = t+Corosion=0.0089+0 oo o0,
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Copy of Nozzle #1 {N8)
ASME Section VIl Division 1, 2007 Edition, A08 Addenda

tw{iower) = 0.0943 iﬂ
Leg,, = 0.1347in

Nole: round inside edges per UG-76(c}

Located on: Bolted Cover #1
Liguid static head included: 0 psi

Nozzle material specification: SA-240 304L {II-D p. 82, In. 38)
Nezzle longitudinal joint efficiency: 1

Nozzle orientation: 60°

Local vessel minimum thickness: 2.75in

Nozzle inside diameter, new: 1,7305 in
Nozzle nomina} wall thickness: 0.1348 in
Nozzle corrosion alfowance: 0in

Projection available outside vessel, Lpr: 3.25in
Distance to head center, R: 9.5in
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This nozzle passes through a Category A joint.

Reinforcement Calculations for External Pressure

UG-39 Area Calculation Summary (in2)

For Pe = 481,85 psl @ 106 °F

The opening Is adequately refnforced

UG-45 Nozzle
Wail
Thickness

Summary (in)
The nozzle passes

UG-45
A A A
required | avaitable A1 Az Az L As | otds traq tmin
20779 12,078 |2.0106 (0.0493 i-- |~ [0.0181 {0.1348 | 0.1348

UG-41 Weld Failure Path Anaiysis Summary (Ib,)

All failure paths are stronger than the applicable weld loads

Weld load Weld load Path 1-1 Weld load Path 2.2
w Wiyt strength Wao strength
2,692.55 |1.12558 078.12 [13.502.37 [7.12488
UW-16 Weid Sizing Summary
Weld description Req;;ir:zseld Ac;;:' (\I.:"e)ld Status
Nozzle to sheil fillet {Lag 41} 0.0943 0.0943 weld size is adequata
Nozzla 1o shell groove (Lower) | 00043 0.0943 weld siza is adequate

Calculations for external pressure 481.85 psi @ 100 °F

Parailel Limits of reinforcement per UG-40

Lg

[

MAX(d, R, + {t.- C,) + (t- C))
MAX(1.7305, 0.8653 + (0.1348 - 0) + (2.75 - Q)
3.751n

Outer Normal Limits of reinforcement per UG-40

Ly

It

MIN(2.5% - C), 2.5*(t, - C )} + 1)
MIN(2.5%(2.75 - 0}, 2.5*(0.1348 - 0) + 0)
0.3369 in

Nozzle required thickness per UG-281,, = 0.0616 in

From UG-34 required thickness t, = 2.4015 in

Area required per UG-39
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Allowable stresses: S, = 16,700, S, = 16,700 psi

f; =lesserof 1 or S, /S, =1
fo=lesserof 1 or §/5, =1

A

0.5%(d"t'F + 2*,"*F*(1 - 1.))
0.5*(1.7305*2.4015%1 + 2*0.1348*2.4015%1*(1 - 1))
2.0779 in?

L§

it

Area available from FIG. UG-37.1
A, =larger of the following= 2.0106 in?

= d*(E1*t - F*tr) - g*tn*(E1 *t - F*tr)*(-t - f”)
= 1.7305%(1*2.75 - 1"2.4015} - 2*0.1348*(1 *2.75 - 1*2.4015)*(1 - 1)
= 0.603in?

= 2(et)(ES - P - 2 5E - PR - 1)
= 29275+ 0.1348)"(1*2.75 - 1*2.4015) - 20.1348%(1"2.75 - 1°2.4015)*(1 - 1)
= 2010612

A, = smaller of the following= 0.0493 in?

= 2t -t Tl
= 2%(0.1348 - 0.0616)"1*3.25
= 04754 in

= 5ty - b,
= 57(0.1348 - 0.0616)"170.1348
= 0.0493 in?

A, = Leg?f,
= 0.134721
= 0.0181 in?

Area = A+ A+ Ay
= 2.0106 + 0.0493 + 0.0181
= 2.078in?

As Area »= A the reinforcement is adequate.
UW-16(d) Weid Check

tin=lesserof 0.75ort ort=0.1348in

tyminy OF by = leSSETr OF 0.25 08 0.7"1 ), = Q.0943 in
t faoivag = 0.7°16Q = 0.7°0.1347 = 0.0943 in

Tlge weld size t, is satisfactory.

tz{actuai) = 0.0943 iﬂ

The weld size 1, is satisfactory.
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t,+1, = 0.1886 >= 1.25'
The combined weld sizes for t, and t, are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): ty =0.06161n
Wall thickness per UG-45(b){2): to, =2.40151in
Wall thickness per UG-16(b}: ts = 0.0625 in
Standard wall pipe per UG-45(b}(4): t, =0.1348in
The greater of t, or t,: tz =2.4015in
The lesseroft ort,. tg = 0.1348 In

Required per UG-45 is the larger of t; or t; = 0.1348 in
Avallable nozzle wall thickness new, t, = 0.1348 in
The nozzle neck thickness is adeqguate,

Allowable stresses in joints UG-45(c} and UW-15(c)

Groove weld in tension:  0.74*16,700 = 12,358 psi
Nozzle wall in shear: 0.716,700 = 11,690 psi
Inner fillst weld in shear: 0.49*16,700 = 8,183 psi

Strength of welded Joints:

{1) Inner fillat weld in shear
(n/2)*Nozzle OD"Leg™S, = (n/2)"270.1347"8,183 = 3,462.82 I,

{3) Nozzle wall In shear
(n/2)*"Mean nozzle dia*t,*S, = (v/2)*1.8653%0.1348*11,690 = 4,615.3 o

{4) Groove weld in tension
(n/2)*Nozzle OD*,'S, = (7/2)*2*0.0943*12,358 = 3,662.06 Ib,

Loading on welds per UG-41(b){1)

W (A-A, + 21, ("t - F*L))*S,

= (2.0779- 2.0106 + 2*0.1348™1*(1*2.75 - 1'2.4015))*16,700
= 269255 b,

[}

Wi = (A + Ag + Ay + A)'S,
= (0.0493 + 0 + 0.0181 + 0)*18,700
= 1.125.58 Ib,

Wop = (Ap+Ag+ Ay + Ay + 2141, )S,
= (0.0493+0+0.0181 + 0 + 2*0.1348"2.75*1)*16,700
= 13502.37 b,
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Load for path 1-1 lesser of W or W, , = 1125.58 I,

Path 1-1 through (1) & {3) = 3,462.82 + 4,615.3 = §,078.12 by
" Path 1-1is stronger than W, , so it is acceptable per UG-41(b)(1).

Load for path 2-2 lesser of W or W, = 2692.55 Ib,

Path 2-2 through (1), (4) = 3,462,82 + 3,662.06 = 7,124.88 oy
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

% Forming strain - UHA-44{a)(2)(a)

EFE

(50*t/ R)*(1 - R,/ R,)
(50"0.1348 / 0.9326)*(1 - 0.9326 / =)
7.2242%

1§

External Pressure, {Corroded & at 100 °F) UG-28(c)

3.26/2 =1.8250

L/D,

D, /1 32.4625
From table G: A = 0.004459
From table MA-3: B = 11,732 psi

2/0.06186

P

a

H

4*B/(3*(D, /1)
4*11731.5215/ (3*(2 / 0.0616))
481.85 psi

It

Design thickness for external pressure P, = 481.85 psi

t, = t+Corrosion= 0.0616+0 ..
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Copy of Nozzle #4 (N5)
ASME Section VIl Division 1, 2007 Edition, A08 Addenda

tw[lower} = 0.1875 fﬁ

Leg,; = 0.25in
Note: round Inslde edges par UG-76{c)
Located on: Boited Cover #1
Liquid static head included: 0 psi
Nozzle material specification: SA-312 TP304 Wid & smls pipe (II-D p. 90, In. 15)
Nozzle longitudinal joint efficiency: 1
Nozzle description: 4" Sch 408 (Sid)
Nozzle orientation: 30°
Local vessel minimum thickness: 2.751in
Nozzle inside diameter, new: 4.026 in
Nozzle nominal wall thickness: 0.237 in
Nozzle corrosion allowance: 0in
Projection available outside vessel, Lpr: 3.251in
Distance to head center, R: 7.56in
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This nozzle passes through a Category A joint.

Reinforcement Calculations for External Pressure

UG-45 Nozzie
UG-39 Area Calculation Summary (in?) Wall
For Pe = 363.62 psi @ 100 °F Thmknes.s
The opening |s adequately refnforced Summary (in)
The nozzle passes
UG-45
A A A
required | available Az A3 | A5 | eids treq tmin
41995 14,1996 [3.9656 [Q.1715 |- |- [0.0625 | 0.2074 |0.2074
UG-41 Weld Failure Path Analysis Summary (Ib,)
All tallure paths are stronger than the applicable weld Joads
Weld load Weld load Path 1-1 Weld foad Path 2-2
w W11 strength Wae strength
012.160.73 {3.907.8 |36,678.89 [20.676.25 (30.839.35
UW-16 Weld Sizing Summary
Weld description Heqsu.illr:a:;eld A‘:i::](‘i':sld Status
Nozzle to shell fills! (Legay) 0.1659 0.175 weld size is adequate
Nozzle eul shell graova {Lower} 1659 0.1875 weld size is adequate

Calculations for external pressure 363.62 psi @ 100 °F

Parallel Limits of reinforcement per UG-40

I

Ly

il

Outer Normal Limits of reinforcement per UG-40

Ly

H)

MAX({d, R, + (t,-C,} + (- C))
MAX(4.026, 2.013 + (0.237 - 0) + (2.75 - 0))
5in

MIN(2.5%(t - C), 2.5t - C, ) +1.)
MIN(2.5*(2.75 - 0), 2.5*(0.237 - 0) + 0)
0.5925 In

Nozzle required thickness per UG-28 t = 0.0923 in

From UG-34 required thickness t, = 2,0862 in

Area required per UG-39
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Allowable stresses: S, = 20,000, S, = 16,700 psi

f,=lesserof t or§ /S, =1
fo=lesserof 1 ar §./§, =1

A 0.5%(d,'F + 21 " *E¥(1 - £,,))
0.5%(4.026%2.0862*1 + 2*0.237*2.0862*1*(1 - 1))

4.1995 in?

i

il

Area available from FIG. UG-37.1
A, = larger of the following= 3.9656 in?

= d*(E1 *t - F*tr) " 2*tn*(E1*t - F*tr)*(1 - fr%)
= 4.026"(172.75- 172.0862) - 2"0.237*(172.75 - 1"2.0862)*{1 - 1)
= 2.6725In2 ‘

= 2 NE T P 2 (E - P )
= 2Y(2.75+ 0.237)%(1*2.75 - 1°2.0862) - 2"0.237*(1*2.75 - 1*2.0862)*(1 - 1)
= 3.9656 in?

A, = smaller of the following= 0,17185 in?

= 2%t - )Ly
= 2%(0.237 - 0.0923)"1*3.25
= 0.8405in?

= 5*(tn - trn) *frz*tn
= 5"(0.237 - 0.0923)*1*0.237
= 0.17151in?

A,y = Leg®i,
= 0.25°"
= 0.0625 in?

Area = A+ A+ Ay
= 3.9656 +0.1715 + 0.0625

= 41996 in?
As Area >= A the reinforcement is adequate.
UW-16(d) Weld Check

tn = lesserof 0.75or t, ort = 0.237 in

L (enin) OF togminy = l@8SEr Of 0.25 01 0.7° . = 01650 in
L, (actual) = 0.7"Leg = 0.7"0.256 = 0.175 in

The weld size t, is satisfactory.

=0.18751n

t2(aclual} =M A .
The weld size t, is satisfactory.
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t +1, = 0.3625 >= 1.25',
The combined weld sizes for t, and t, are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): t; = 0.0923 in
Wall thickness per UG-45(b)(2): t, =2.0862 in
Wall thickness per UG-16(b): tqa=0.0625in
Standard wall pipe per UG-45(b)(4): t, =0.2074in
The greater of t,, or t ts =2.0862 in
The lesser of t, or t .. 1 =0.2074in

Required per UG-45 is the larger of t,, or t, = 0.2074 in
Available nozzle wall thickness new, t, = 0.875*0.237 = 0.2074 in
The nozzle neck thickness is adequate.

Allowable stresses in joints UG-45(c) and UW-15(c)

Groove weld in tension:  0.74*16,700 = 12,358 psi
Nozzle wall in shear: 0.7°20,000 = 14,000 psi
inner fillet wald in shear: (.49*16,700 = 8,183 psi

Strength of welded joinis:

{1} Inner fillet weld in shear
(n/2)"Nozzle OD*Leg"S, = (n/2)*4.5"0.25"8,183 = 14,460.55 by

(3) Nozzle wall in shear

(n/2)"Mean nozzle dia™t,"S = (n/2)"4.263"0.237*14,000 = 22,218.34 I,

(4) Groove weld in tension
(n/2)Nozzle OD",*S, = (r/2)"4.5"0.1875"12,358 = 16,378.79 Iby

Loading on welds per UG-41(b)}(1)

W (A-A, + 21 *E, "t - FL)S,

= {4.1995- 3.9656 + 270.237*1*(1*2.75 - 1*2.0862)}*16,700

= Q,‘IﬁQ.?a Ibf

W, = (Ag + Ag + Ay + AL)S,
o= (0.1715 + 0 + 0.0625 + 0)*16,700
= §,QQ?.8 lbf

Wop = (Ag+ Ag+ Ay + Ay + 271 'T)"S,
= (0.1715+ 0+ 0.0625 + 0 + 2°0.237*2.75"1)*16,700
= 2567625 b,
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Load for path 1-1 lesser of Wor W, , = 3907.8 b,

Path 1-1 through (1} & (3) = 14,460.55 + 22,218.34 = 36.678.89 b,
Path 1-1 is stronger than W, , so it is acceptable per UG-41(b)(1).

Load for path 2-2 lesser of W or W, , = 9160.73 Ib,

Path 2-2 through (1}, (4) = 14,460.55 + 16,378.79 = 30.839.35 Iy
Path 2-2 is stronger than W so it s acceptable per UG-41(b)(2).

External Pressure, (Corroded & at 100 °F) UG-28(c)

L/D, = 3.25/45 =0.7222

48.7536
From table G: A = 0.005779
From table HA-1: B = 13,296 psi

D/t = 4.5/0.0923

3

P

a

4*B /(3%(D, / 1)}
4*13295.7129/ (3*(4.5/ 0.0823)}
363.62 psi

Design thickness for external pressure P, = 363.62 psi

t, = t+Cormosion="0.0923+0  ooqn
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Copy of Nozzle #4 {NG)
ASME Section Vi Division 1, 2007 Edition, A08 Addenda

thower} = 0.1 875 in

Leg,, = 0.25in
Note: round inside edges per UG-76(c)
Located on: Bolted Cover #1
Liquid static head included: 0 psi
Nozzle materlal specification: SA-312 TP304 WId & smis pipe (II-D p. 20, In. 15)
Nozzle longitudinal joint efficlency: 1
Nozzle description: 4" Sch 408 (Std)
Nozzle orientation: g0°
i.ocal vessel minimum thickness: 2.75in
Nozzle inside diameter, new: 4.026in
Nozzle nominal wall thickness: 0.237 in
Nozzie corrosion allowance: 0in
Projection available outside vessel, Lpr: 3.25in
Distance to head center, R: 7.5in
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et

This nozzle passes through a Category A joint.

Reinforcement Calculations for External Pressure

UG-39 Area Calculation Summary (in?)

For Pe = 363,62 psi @ 100 °F
The opening |s adequately reinforced

UG-45 Nozzle
Wall
Thickness

Summary (in)
The nozzle passes

UG-45
A A A

requlred | avallable A1 Aa A3 1 As | \olds trag tmin
41995 14,1996 1 2.9656 | 01715 { - |- 10.0625 {0.2074 | 0.2074

UG-41 Weld Failure Path Analysis Summary (lby)

All fallure paths are stronger than the applicable weld loads
Weld load Weld load Path 1-1 Weld load Path 2-2

w Wiyt strength Wazn strength

9.60.73 |3.907.8 |36.678.89 [25.676.25 [30.839.35

UW-16 Weld Sizing Summary
Weld description ““‘L‘gf:::;’”“‘ Actal (;‘:‘;'d Status
‘Nozzla to shie fitlet (Lagay) 0.1659 0.175 weld size is adequate
Nozzle to shall groove {Lowen) | (0, 1659 0.1875 wald size is adaquate

Caleulations for external pressure 363.62 psi @ 100 °F

Parallel Limits of reinforcement per UG-40

Ly MAX(d, R, + (i, - C,) + (t- O))

5in

Outer Normal Limits of reinforcement per UG-40

L, MIN(2.5%t - C), 255t - C.) + 1)
MIN(2.5*(2.75 - 0), 2.5%(0.237 - 0) + 0)

0.5925in

MAX(4.026, 2.013 + (0.237 - 0) + (275 - 0))

Nozzle required thickness per UG-28 t, = 0.0923 in

From UG-34 required thickness t, = 2.0862 in

Area required per UG-38
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Allowable stresses: S, = 20,000, 8, = 16,700 psi

fo=lesserof tor8,/5, =1
fo=lesserof1or8,/S, =1

A 0.5 (A F + 21 L F (1 -1,))

4.1985in2

It

Area available from FIG. UG-37.1

A, = larger of the following= 3.9656 in?

i

= d(EMt- P - 2B, - PR -6

= 4.026%(1"2,75 - 172.0862) - 2*0.237*(1*2.75 - 1*2.0862)*(1 - 1)

= 2.6725in?

= 2t )M(E - P - 2 NE - M - f) ‘
= 2"(275 + 0.237)(1*2.75 - 1*2.0862) - 20.237*(1*2.75 - 1*2.0862)*(1 - 1)

= 3.9656 in?
A, = smaller of the following= 0.1715 in2

= 2*(tn N trn)%er*Lpr
= 2*(0.237 - 0.0923)*1*3.25
= 0.9405 in2

= S*Gn - trn) 1kfrE*tn
= 5*(0.237 - 0.0923)*1*0.237
= 0.17151in2

Ay = Leg?f,
= 0.2521
= 0.0625in?

Area = A +A+ A,
=  3.9656 + 0.1715 + 0.0625
= 4.1996 In?

As Area >= A the reinforcement is adequate.
UW-16(d) Weld Check

ton = lesserof 0.75ort ort=0.237 in

U ey OF tg(mw = lesser of 0.25 or 0.7, = Q{689 in
Haciuay = 0-7°L87 = 0.7*0.25 = 0.175 in

T%e weld size t, is satisfactory.

tpgactuapy = 0-1875 In

The weld size t, is satisfactory.

0.5"(4.026"2.0862"1 + 270.237*2.0862*"1*(1 - 1))
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t, +1, =0.3625 >= 1.25%
The combined weld sizes for t, and {, are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): t, =0.0923 in
Wall thickness per UG-45(b}(2): t, =2.0862in
Wall thickness per UG-16(b): t, =0.0625in
Standard wall pipe per UG-45(b)(4): 1, =0.2074in
The greater of f,, or t4: t; =2.08621in
The lesser of t,, or t: ts=0.2074in

Required per UG-45 is the larger of t, or t, = 0.2074 in

Available nozzle wall thickness new, t, = 0.87570.237 = 0.2074 in
The nozzle neck thickness is adeguate.
Allowable stresses in joints UG-45(c) and UW-15(c)

Groove weld in tension:  0.74*16,700 = 12,358 psi
Nozzle wall in shear: 0.7*20,000 = 14,000 psi
Inner fillet weld In shear: 0.49*16,700 = 8,183 psi

Strength of welded joints:

{1} Inner fillet weld in shear
(n/2)*Nozzle OD*Leg"S, = (n/2)*4.5*0.25"8,183 = 14,460.55 Ib;

(3) Nozzle wall in shear

(n/2)*Mean nozzle dia*t,*S, = (r/2)"4.263%0.237*14,000 = 22,218.34 Ib,

{4} Groove weld in tension
(r/2)*Nozzle OD*t,*S, = (n/2)*4.5*0.1875"12,358 = 16,378.79 lb;

Loading on welds per UG-41(b){(1)

W (A-A, + 211 ("t - F't))*S,

= (4.1995 - 3.9656 + 2*0.237*1*{1*2.75 - 1*2.0862)}*16,700

= 9,160.73 b,

W1_1 = (A2 + As + A4‘f + A42)*SV
2 (0.1715 + 0 + 0.0625 + 0)*16,700

Wop = (Ap+ Ag+ Ay + A+ 2 1F)*S,
= {0.1715 + 0 + 0.0625 + 0 + 2°0.237°2.75%1)*16,700
= 25676.25 b,
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Load for path 1-1 lesser of W or W, , = 3507.8 Ib;
Path 1-1 through (1) & (3} = 14,460.55 + 22,218.34 = 36.,678.89 Ib;
Path 1-1is stronger than W, _, so it is acceptable per UG-41(b){(1}.

Load for path 2-2 lesser of W or W, , = 9160.73 Ib;
Path 2-2 through (1), (4} = 14,460.55 + 156,378.79 = 30.839.35 b,
Path 2-2 is stronger than W so it is acceptable per UG-41{b)(2).

External Pressure, {Corroded & at 100 °F) UG-28(c)

L/D, = 325/45 =0.7222

D,/t = 4.5/0.0923

48.7536
From table G: A = 0.005779
From tabfe HA-1: B = 13,296 psi

P, = 4'B/ (3D, /1)
4*13295.7129/ (3*(4.5/ 0.0923))

363.62 psi

il

a

H

I

Design thickness for external pressure P, = 363.62 psi

t, = t+Corosion= 0.0923+0  oon
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Flange #1

ASME VIil-1, 2007 Edition, A08 Addenda, Appendix 2 Flange Calculations

Flange is attached to:
Flange type:
Flange material specification:

Bolt material specification:

Bolt Description:

internal design pressure, P:

Required flange thickness: t=
Maximum allowable working pressure,
MAWP:

Maximum allowable pressure, MAP:
External design pressure, P,
Maximum allowable external pressure,
MAEP:

Corrosion allowance:

Bolt corrosion (root), Gy

Design MDMT:

Hated MDMT;

Estimated weight:

Flange dimensions, new

Vacuum Vessel Shell (Top)
Slip on integral

SA-240 304L (-D p. 82, in. 38)
SA-193 B7 Bolt <= 2 1/2 {-D p. 348, In.
33)

1.25 in Serles 8 Thread

0 psi @ 932 °F

3.0036 in

235.89 psi @ 932 °F

542.88 psi@ 70 °F

15 psi @ 100 °F

2,046.96 psi @ 100 °F

Bore = 0 in

0in

-320 °F

-320 °F

New =413.31b

flange OD

belt circle
gasket OD
gasket ID
flange 1D
thickness
bolting

hub thickness
hub thickness
hub length
upper fillet weld
lower fillet weld
groove weld
length

Flange = 0 in

No impact test performed
Flange material is not
normalized

Material is not produced to fine
grain practice

PWHT is not performed
corroded = 413.3 b

A =32in

C =295in
=26in
=25.625in

B =235in

t =3.75in
=20-1.25india

g, =0.835in

g =0.835in

h =0.5in

h1 =0.25in

h2 =0.375in

w =0.25in

e =0.25In
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gasket factor m =1

A
geating stress y =200 psi
¢ Gasket thickness T =0.175in
Elastomers without
Gasket OD gasket description fabric 75A or higher

Shore Durometer
Gasket D}

. P — '

Note: this flange is an optional type calculated as integral.

ASME Interpretation VIII-1-83-115 has been applied.

The following values are used in the calculations: g, = shell/nozzle wall thickness, h = actual length of flange hub plus
fillet weld iag attaching hub to shell/nozzle

Flange calculations for External Pressure + Weight Only per VIil-1, Appendix 2-11
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Longitudinal bending moment on flange

P, = 16*M/(n*G3)
= 16*46.8/(1*25.81259)
= 0.0139 psi

Axial load on flange

P, = 4*F/(n*G?)

= 4*673.12/(x*25.8125%)
= 1.2863 psi

Total design {oad on flange (used for H - ref. lll-1 NC-3658.1)

=P+ Ps + Pm + Pr
=15+ 0+ 0.0139 + 1.2863
= 16.3002 psi

The static head of liquid has not been included in the total design load because the vessel is supported below the

flange.

Gasket details from facing sketch 6, Column |

Ring gasket width w = 0.1875 in

by = W/8 = 0.0234 in

Effective gasket seating width, b = b, = 0.0234 in

G = (gasket OD + gasket ID) / 2 = (26 + 25.625) / 2 =25.8125in
hg = (G- G)/2 = (29.5 - 25.8125)/2 = 1.8438 in
hp = R +g,/2 = 2.065 + 0.935/2 = 2.5325 in

hr = (R + g, + hg)/2 = (2.065 + 0.935 + 1.8438)/2 = 2.4218 in
H, = 2°0*3.14*G*'m*P

= 2%0.0234*3.14*25.8125"1*15

= 56.99 Ib,

H = 0.785*G2*P

= 0.785%25.81252*16.3002

= 8,525.56 Ib

Hp = 0.785"B#P

= 0.785"23.52*15

= 6,502.74 Ib,

HT = H - HD

= 8,525.56 - 6,502.74

= 2,022.81 Ib,

W, =H+ H,

= 8,525.56 + 56.09
= 8,582.55 Ib,
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W,_,=3.14*0"G"y
= 3.14*0,0234*25.8125*200
= 379.93 Ib,

Required bolt area, A = greater of A_;, A, = 0.01519711 in?

Ay = 0.785*G2*(P,, - P)/S, = 0/25,000 = 0 in?

Ao = W,/S, = 379.93/25,000 = 0,0162 In2

Total area for 20~ 1.25 in dia bolts, corroded, A, = 18.58 in?

W=(A_,+A)S,/2
(0.0152 + 18.58)*25,000/2
232,439.97 Ib

nou

M, = Hp'(hp - hy) + He*(hy - hy)

= 6,502.74*(2.5325 - 1.8438) + 2,022.81%(2.4219 - 1.8438)
= 5,648.2 Ib-in

Mg = W'h, = 232,440%1.8438 = 428,561.2 Ib-in

Hub and Flange Factors

hy = (B*ge} 2 = (23.5%0.2188)12 = 2.2673 in

From FIG. 2-7.1, where K = A/B = 32/23.5 = 1.3617

T=1.7709 Z=3.3413 Y = 6.4482 U =7.0859

hh, = 0.3858  g,/g, = 4.1314
F=08541  V=01712  e=F/h,=0.3767

d = (U/M)*hy*0,2= (7.085897/0.1712)*2.2673"0.2188%2
=4.4916 in®

' Stresses at operating conditions - Vill-1, Appendix 2-7
f=7.3586

L=(te+ 1)/T +13/d
= (3.75%0.3767 + 1)/1.77085 + 3.75%4.4916
=13.10312

Sy = "M/(L"g,2*B)
= 7.3586%5,648.2/(13.10312*0.90382*23.5)
= 165 psi

Sp=(1.33"t"e + 1)*M_ /(L'1*B)

= (1.33"3.75"0.3767 + 1)*5,648.2/(13.10312*3.752*23.5)
= 4 psi

S;=Y'MJ/*B) - Z* Sy

= 6.4482"5,648.2/(3.752"23.5) - 3.3413*4

= 98 psi

Allowable stress S, = 16,700 psi
Allowable stress S, = 20,000 psi
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S; does not exceed S

8y, does not exceed Min[ 1.5*S;,, 1.5S_ | = 25,050 psi
Sg does not exceed Sy,

0.5(Sy, + Sg} = 85 psi doss not exceed S,

0.5(S; + Sy) = 131 psi does not exceed S,

Stresses at gasket seating - VIII-1, Appendix 2-7

Sy= f*Mg’/(L*gﬁ*B)
= 7.35867428,561.2/(13.10312*0.90382*23.5)
= 12,539 psi

Sp = (1.33"1"e + 1P'M/(L*12*B)
= (1.33"3.75%0.3767 + 1)"428,561.2/(13.10312*3.752*23.5)
= 285 psi

Sr = Y*M/(*B) - Z*S,
= 6.44827428,561.2/(3.752'23.5) - 3.3413*285
= 7,410 psi

Allowable stress S, = 16,700 psi
Allowable stress S, = 20,000 psi

S; does not exceed S,

Sy does not exceed Min[ 1.5*S,, 1.5"S, | = 25,050 psi
Sy, does not exceed S,

0.5(Sy + S} = 6,412 psi does not exceed S,

0.5(Sy, + Sy) = 9,975 psi does not exceed S,

Flange rigidity per VIIl-1, Appendix 2-14

J = 52.14'V*M /(L*E*g,2K ")

=52.14"0.1712"428,561.2/(13.1031728,300,000*0.21882*0.3*2.2673)

= 0.3168806

The flange rigidity index J does not exceed 1; satisfactory.
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Nozzle #1 (N1)

ASME Section VIl Division 1, 2007 Edition, A08 Addenda

Nots: round Inslde edges per UG-78(c)

Located on:

Liguid static head included:

Nozzie material specification:

Nozzle longitudinal joint efficiency:
Nozzle arientation:

Local vessel minimum thickness:
Nozzle center line oifset to datum line:
End of nozzle to shell center:

Nozzle inside diameter, new:

Nozzle nominal wall thickness:

Nozzle corrosion allowance:
Projection available cutside vessel, Lpr:
Intemal projection, h, .-

tw(lower) = 0
Leg41 = 0.125in

Leg,; = 0.125in
Roew= 110

new

Vacuum Vessel Shell
0 psi

SA-240 304L (I-D p. 82, In. 38)
1

60°

0.2188in

8in

13in

1.75in

0.125n

Oin

1in

tin
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This nozzle passes through a Category A joint.

Reinforcement Calculations for External Pressure

: UG-45 Nozzle
UG-37 Area Calculation Summary (in2) Wall
For Pe = 56.26 psl @ 100 °F Thmknes_s
The opening Is adequately refnforced Summary (in)
The nozzle passes
UG-45
A A A
required | avallable A1 A2 A3 As | welds traq tin
0.1806 ] 0.1806 | 0.0293 | 0.0601 {0.0852 |-~ |0.026 [0.0625 |0.125
UG-41 Weld Failure Path Analysis Summary
Weld strength calculations are not required for external
pressure
UW-16 Weld Sizing Summary
Required weld | Actual weld
Weid description throat size {In) | throat size (in) Status
Nozzle to sheli fillet (Lag 41) 0.( !875 0.0875 weld size Is adequate
Nozzle to inside shall fillet {Leg 4a) . 0.0875 ?cgﬁzge d} weld size is adequate

Calculations for external pressure 56.26 psi @ 100 °F

Parallel Limits of reinforcement per UG-40

MAX(d, R, + (t, - C,) + (t- C))

1}

Ly

[H

1.75in

Outer Normal Limits of reinforcement per UG-40

MIN(2.5%(t - C), 2.5%(t,, - C,) +1,)
MIN(2.5%(0.2188 - 0}, 2.5*(0.125 - 0) + 0)
0.3125in

Ly

]

It

Inner Normal Limits of reinforcement per UG-40

i

MIN(2.5%t - C), 2.5*(t, - C, - C))
MIN(2.5*(0.2188 - 0), 2.5(0.125 - 0 - 0))
0.3125 in

L

il

Nozzle required thickness per UG-28 t,, = 0.0089 in

MAX(1.75, 0.875 + (0.125 - 0) + {0.2188 - 0))
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From UG-37(d)(1) required thickness t, = 0.2017 in

Area required per UG-37(d)(1)
Allowable stresses: S, = 16,700, S, = 20,000 psi

f,=lesserof 1 or § /S, =0.835
fo = lesserof 1 or §,/S, = 0.835

A

0.5 (A" *F + 2, 'F (1 -1,))
0.5(1.76%0.2017*1 + 2*0.125'0.2017*1*(1 - 0.835))
0.1806 in?

Area available from FIG. UG-37.1
A, = larger of the following= 0.0283 in?

= dESM- B - 20(E - PR L)
= 1.75%(170.2188 - 170.2017) - 2*0.125"(1*0.2188 - 1*0.2017)*(1 - 0.835)
=  0.0293in?

= 2+ t)* (Bt - P - 20 (E - P -
= 2'(0.2188 + 0.125)*(1*0.2188 - 1*0.2017) - 20.125%(1*0.2188 - 1*0.2017)*(1 - 0.835)
= 0.0111in2 ‘

A, = smaller of the following= 0,060, in?

= 5*(t, - 1) F"t
= 5'(0.125 - 0.0099)"0.8350.2188
= 0.1051 in?

= 5t -t )",
= 5%0.125 - 0.0099)*0.835*0.125
= 0.0601 in?

A, = smaller of the following= 9.0652 in?

- sy,
= 5*0.2188*0.125%0.835
= 0.1142 in?

= 5t

= 5'0.125%0.125%0.835
= 00632 in?

= 2'h,

= 2"1*0.125%0.835

= 0.2088in?
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Ay =  Leg¥i,
=  0.1252%0.835
= 0.013in?

Ag = Leg™fy
= 0.12520.835
= Q0131

Area = ArtAs + Ag+ A+ A,
= 0.0293 + 0.0601 + 0.0652 + 0.013 + 0.013

= 0.1806n
As Area »= A the reinforcement is adequate.
UW-16(d) Weld Check
tnin = lesserof 0.75 ort, ort=0.125in
iy ©OF tz(min*) = [esser of 0.25 or 0.7°1,, = 0.0875 in
H(acuay = 0-77L0g = 0.7*0.125 = 0.0875 in
The weld size 1, is satisfactory.
toraciua) = 0-7°L8g = 0.7°0.125 = 0,0875 in
The weld size t, is satisfactory.
b+t =075 >=1.25"
The combined weld sizes for t, and t, are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wail thickness per UG-45(a): t, =0.0098 in
Wall thickness per UG-45(b)(2): t, =0.0331in
Wall thickness per UG-16(b): ts=0.0625in
Standard wall pipe per UG-45(b)(4): t, =0.1348 in
The greater of t, or t5: tg=0.0625in
The lesser of t,, or t.c: ts=0.06251in

Required per UG-45 is the larger of t, or tg = 0.0625 in
Avalilable nozzle wall thickness new, t, = 0.125 in

The nozzle neck thickness is adequate,

% Forming strain - UHA-44(a)(2)(a)

EFE 60"t/ R)*(1 - R,/ R,)

(5070.125/ 0.9375)*(1 - 0.9375/ =)
6.6667% -

I
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External Pressure, (Corroded & at 100 °F) UG-28(c)

L/D, 1.0417 /2 =0.5209

D/t = 2/0.0099 =201.8611
From table G: A = 0.000924
From table HA-3: B = 8,518 psi

=

H]

4B/ (3*(D, /1)
4'8518.4590 / (3*(2 / 0.0099))
56.27 psi

a

It

Design thickness for external pressure P, = 56.27 psi

t, = t+Comosion=" 0.0099+0 oo
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Nozzle #4 (N4)
} ASME Section VIl Division 1, 2007 Edition, A0S Addenda

~

Luowey = 0-1875 in

teg,y,= 0.25in
Note: round Ingide edgas per UG-76(c)
Located an: Bolted Cover #1
Liguid static head Included: 0 psi
Nozzle material specification: SA-312 TP304 Wld & smis pipe (II-D p. 90, In. 15)
Nozzle longitudinal joint efficiency: 1
Nozzle description: 4" Sch 408 (Std)
Nozzle orientation: 0e
Local vesse! minimum thickness: 2.75in
Nozzle inside diameter, new: 4,026 in
Nozzle nominal wall thickness: 0.237in
Nozzle corrosion allowance:; 0in
Projection available outside vessel, Lpr: 3.25in
Distance to head center, H: Gin
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This nozzle passes through a Category A joint,

Reinforcement Calculations for External Pressure

UG-39 Area Calculation Summary (in2)

For Pe = 363.62 psi @ 100 °F
The opening is adequately reinforced

UG-45 Nozzie
Wall
Thickness

Summary (in}

The nozzle passes

UG-45
A A A
required | avallable Ay Ao Az (A3 | elds traq tenin
4.1995 14.1996 |3.9656 (01715 |- |- [0.0625 |{0.2074 (0.2074

All fsilure paths are stronger than the applicable weld loads

UG-41 Weld Failure Path Analysis Summary (lb)

Weld load Weld load Path 1-1 Weld load Path 2-2
w W14 strength Wa.a strangth

9.160.73 13.907.8 |36.678.89 |25.676.25 |30.839.35

UW-16 Weld Sizing Summary

Required wald | Actual weld

Weld description size (i) slze (In)

Status

Nozzla to shell fillst (Lag 41} 0.1658 0.175 weld size is adequate

Mozzle to shell groove (Lowar) g]‘l 659 G.1875 weld size is adeqguate

Calculations for external pressure 363.62 psi @ 100 °F

Parallel Limits of reinforcement per UG-40

Lq MAX(d, R, + {t - C.} + (t - C))

it

5in

]

Outer Normal Limits of reinforcement per UG-40

I

Ly MIN(2.5*(t - C), 25*(t, - C.) +1,)
MIN(2.5%(2.75 - 0), 2.5*(0.237 - 0) + 0)

0.5925in

MAX(4,026, 2.013 + (0.237 - 0) + {2.75 - 0))

Nozzle required thickness per UG-28 t,, = 0.0923 in

From UG-34 required thickness t, = 2.0862 in

Area required per UG-39
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Allowable stresses: S, = 20,000, S, = 16,700 psi

fiy=lesserof 1 or§,/S, =1
f,=lesserof 1 or S /S, =1

A 0.5Md"tF + 24,1 F*(1 - f,)))

0.5%(4.026"2.0862"1 + 2*0.237*2.0862*1*(1 - 1))
4.1995 in?

[

Area availablé from FIG. UG-37.1
A, = larger of the foiiowing: 2.9656 in?

= OME"t- P - 2, E, - PR - 1)
= 4.026°(1°2.75 - 1°2.0862) - 2°0.237*(1*2.75 - 1%2.0862)"(1 - 1)
= 2.6725in2

= 2+ LME - P - 2 ME - PN - 1)
= 2Y2.75 + 0.237)*(1*2.75 - 1"2.0862) - 2°0.237*(1*2.75 - 1°2.0862)*(1 - 1)
= 3.9656in2

A, = smaller of the following= 0.1715 in?

= 29t -t L,
= 2%0.237 - 0.0923)*1*3.25
= 0.9405in?

= 5*(tn N tm)’r‘;rE*‘In
= 5*{0.237 - 0.0923)*1*0.237
= 0.17151in2

Ay = Leg?t,
=  0.25%4
= 0.0825 in?

Area

It

A+ A+ Ay
=  3.9656 +0.1715 + 0.0625
4,1996 in?

As Area >= A the reinforcement is adequate.

UW-16(d) Weld Check

ton=lesserof 0.750rt ort = 0.237 in

L miny OF tz(m?rg = lesser of 0.25 or 0.7°t,,, = 0.1659 in
Hjactuay = 0-7°1-60 = 0.7*0.25 = 0.175 in

The weld size t, is satisfactory.

b aoan = 0-1875 in

The weld size t, is satisfactory.
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t, +1, = 0.3625 >= 1.25% -
The combined weld sizes for t, and t, are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): t, =0.0923in
Wall thickness per UG-45(b)(2): {,=2.0862In
Wall thickness per UG-16(b): ty=0.0625in
Standard wall pipe per UG-45(b){4): 1, =0.2074in
The greater of t, or t,: tg = 2.0862 in
The lesser of t,, or t.: g =0.2074in

Required per UG-45 is the larger of t,, or t; = 02074 in
Available nozzle wali thickness new, t, = 0.875%0.237 = 0.2074 in
The nozzie neck thickness is adeguate.

Allowable stresses in joints UG-45(c) and UW-15(¢)

Groove weld in fension;  0.74*16,700 = 12,358 psi
Nozzle wall in shear: 0.7°20,000 = 14,000 psi
inner fillet weld in shear: 0.49*16,700 = 8,183 psi

Strength of welded joints:

(1) Inner fillet weld in shear
{n/2)*Nozzle OD"Leg™S, = (r/2)*4.5"0.25*8,183 = 14,460.55 o

{3} Nozzfe wall in shear

(n/2)"Mean nozzle dia™,*S, = (n/2)*4.263"0.237*14,000 = 22,218.34 Ib;

{4) Groove weld in tension’
(n/2)*Nozzle OD"1,"S, = (n/2)"4.5"0.1875*12,358 = 16,378.79 ib;

Leoading on welds per UG-41(b)(1)

W

i

(A-A, + 2. (B, - F1)'S,

= (4.1985 - 3.9656 + 270.237"1*(1*2.75 - 1*2,0862))* 16,700

-~ 9.16073b

Wi o= (A +As+ A, +AL)'S,
= (0.1715 + 0 + 0.0625 + 0)*16,700
= 3.907.8lb

W,, = (Ap + Ay + Ay + Ay + 271,7101,)%S,
= (0.1715 + 0 + 0.0625 + 0 + 2°0.237*2.75"1)*16,700
- 25676825 b,
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Load for path 1-1 tesser of W or W, _, = 3907.8 Ip,

Path 1-1 through (1} & (3) = 14,460.55 + 22,218.34 = 36.678.89 (o
Path 1-1 is stronger than W, , so it is acceptable per UG-41(b)(1).

Load for path 2-2 lesser of W or W, = 8160.73 Ity

Path 2-2 through (1), {4) = 14,460.55 + 16,378.79 = 30,839.35 by
Path 2-2 s stronger than W so it is acceptable per UG-41(b)(2).

External Pressure, (Corroded & at 100 °F) UG-28{c)

3.25/4.5 =0.7222

L/D,
Do/t = 4.5/0.0923 o .

From table G: A = 0.005779
From table HA-1: B = 13,296 psi

P, = 4'B/(3*(D,/1})
4*13295.7129 / (3*(4.5/0.0923))
363.62 psi

I

i

Design thickness for external pressure P, = 363.62 psi

t, = t+ Corrosion= 0.0923 +0 0.0923"

a
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Leg material:
Leg description:

Number of legs: N=
Overall length:

Base to girth seam length:

Bolt circle: -

Anchor bolt size:

Anchor bolt material:

Anchor bolts/leg:

Anchor bolt allowable stress: Sy =
Anchor bolt corrosion allowance:

Anchor bolt hole clearance:

Base plaie width:

Base plate length:

Base plate thickness:

Base plaie allowable stress:
Foundation allowable bearing stress:
Effective length cosfficient:
Coefficient:

Leg yield stress:

Leg elastic modulus:

m=nox
3

U

Leg to shell fillet weld:
Legs braced:

Legs #1

13.5
11.5
26

0.375

1
20,000
¢
0.375
4

4

0.375

24,000
1,658

1.2

0.85
36,000
29,000,000

0.25
Neo

3 inch sch 40
pipe

in

in

in .

inch series 8
threaded

psi

in

in

in

in

in (0.022in
required)
psi

psi

psi
psi
in (.0008 in

required)
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Note: The support attachment point is assumed to be 1 in up from the cylinder circumferential seam.

Force Axial Shear | Axial | Bending | Bendin .
: Leg . B 9 9 | Ratio Ratio
Loading | attack osition ° end load | resisted | f, fox Ty H H
angle ° | P by Ib, psi psi psi 1 12
Governing 0 479.0 0.0 215 486 Q 0.0278 0.0304
Condition 120 4842 2.0 217 491 0 0.0278 | G080z
Weight
operaling
corroded
240 4842 o0.c 217 491 0 0,0278 ©.0307
Moment = 0
3.9 |b-ft
Force Axial Shear | Axial | Bendi Bendin .
. 0 Leg a 1€ ending | Be 9 | Ratio | Ratio
Loading | attack o o | end load |resisted | f, foy f,
jo o | PoSition Ib b : ; ¥ Hy; | Hy
‘ angle ! ; psi ps psi
Welght 0 479.0 0.0 215 486 i) 00275 | 0.0304
empty
cotroded 120 484.2 0.0 217 491 0 0.0278 0.0307
Moment = 0
3.9 1b-t 240 484.2 0.0 217 491 0 0.0278 | 0.0307
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Forc Xial ear |Axial | Bendi ndin " .
: e Leg A Sh. a ending | Bending Ratio | Ratio
Loading | attack i o | end load |resisted | f f, f,

. | position a, x A H, | H,

angle lb, I, psi psi psi -

Weight a 479.0 a.0 215 486 [¢] 0.0276 | 0.0304
vacuum

corroded 120 484,2 6.0 217 491 0 0.0278 ] 0.0307
Moment =

3.8 Ib-ft 240 484.2 oo 217 |am 0 0.0278 | o.0307

l.eg Calculations (AISC manual ninth edition)

Axial end ioad, P1 (Basad on vessel total bending moment acting at leg attachment elevation)
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P, = W/N + 48*M/(N*D)
= 1,444.91/ 3 + 48*3.9/( 3°24)
= 484.24 Ib,

Allowable axial compressive stress, F, (AISC chapter E)

C, = Sqr(2"12'E/F,)
= Sqr{2*n2°29,000,000/36,000)
- 126.0993

K*lfr=1.2"10/1.1687 = 10.3117

o= 17{1 - (Kir)2{2*C2))* F,/(6/3 +3" (KI/r)!(B*C KR8 C.2)
=1%{1-{10.31 17)2/(2*126 09932))*36,660 / (5/3 + 3*(10. 3117)/(8*126 0993)-(10.3117)%/(8"126.0893%))
= 21,140 psi

Allowable axial compression and bending (AISC chapter H)

F o = 1712*n2"E/(23*(KI/r)?)
= 1*12*72*29,000,000/(23*(10.3117)2)
= 1,404,400 psi

= 1"12"72*E/(23*(KI/r}3)
= { *12*22*29,000,000/(23*(10.3117)9)
= 1,404,400 psi

Fb = 1*0-66*Fy
= 170.66"36,000
= 23,760 psi

Compressive axial stress

f = PJA
= 484.24/2.23
= 217 psi

Bending stresses

f,, = F*cos(a)*LA(! /c,c) + Py EJ(L/C,)
= 0*abs(cos(120)) 10/(3.02/1.75) + 484.24*1.75/(3.02/1.75)
= 491 psi

fbyw Frsin{o*/(1./C.)
=~ 0*sin(120)*10/(3 52/1 75)
= 0 psi

AISC equation H, ,

Hy = £F, + G T /(01 - 1/F L )F ) + Oy R A(1 - £/F )F )
= 217/31,140 + 0.88*401/((1 ~217/1,404,400)+23,760) +0.8540/((1 - 217/1,404,400)"23,760)

= 0.0278
AISC equation H, ,
H;.p = 1A0.6"1°F ) + f, /Fp, + T /P,

= 217/(0.6*1%386, 500 )+ 491/23,760 + 0/23,760
= 0.0307
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3, 3 inch sch 40 pipe legs are adequate.

Anchor holts - Weight operating corroded condition governs
Tensile loading per leg (1 bolt per leg)

R = 48"M/(N*BC) - W/N

= 48%3.9/(3°286) - 1,444.91/3

= -479.23 Ib,

There is no net uplift {R is negative).

0.375 inch serles 8 threaded bolis are satisfactory.
Check the leg to vessel fillet weld, Bednar 10.3, Weight operating corroded governs
Note: continuous welding is assumed for ail support leg fillet welds.

(2*b*d + d2)/3
2*1.8028*3.5 + 3.52)/3

7 =
= 8.2898 in?

w
(2
8.

(b + 2°d)¥/12 - d2*fb + d)2(b + 2*d)

(1 .8028 + 2*3.5)%12 - 3.5%*(1.8028 + 3.5)2/{1.8028 + 2*3.5)
17.7119 in?

1} Iit'_

= d?/(b + 2*d}
= 3.5%(1.8028 + 2*3.5)
= 1.391607 in

Governing weld load f, = Cos(120}*0 = 0 Iy
Governing weld load f, = Sin(120)*0 = 0 I,

f1 = F)1‘1 Lwefri
= 484.24/8.8028
= 55.01 Ib[fln (VL direct shear)

fy= 1, *Lig"0.5'bA,,
= 0"10*0.5%1.8028/17.7119
=0 Ibf/lﬂ (VL torslon shear)

fs = fy/ Lveld
= 0/8.8028
=0 Ib{/in (Vc direct shear)

=f'L *E/J
- 0*1V0*1 291617.7119
=0 ibf/m {Vc torsion shear}

fs = b Lg/Zy
= 0*10/8. 2898
=0 Ibffm (ML bending)

f6 = 1:x” Lweld
= 0/8.8028
=0 lbf/ii\‘t {Direct outward radial shear)
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f=8ar((f, + L)% + (f; + )2 + (g + 1)2)
=Sgr{{(35.01 + 02+ (0 + 0)2 + (0 + 0)?)
= 55.01 Iby/in (Resuitant shear load)

Required leg to vessel fillet weld leg size (welded both sides + top)
t, =1/(0.70770.55"8,)

= 65.01/(0.707*0.55"14,400)
=0.0098 in

The 0.25 in leg to vessel attachment fillet weld size is adequate.

Base plate thickness check, AISC 3-106

fp = P/(B*N)
= 484.04/(4"4)
= 30 psi

t, =(N - {d - {)}/2"Sqr(3*/S,)
=(4 - (3.5 - 0.216)}/2*Sqr(3*30/24,000}
= 0.022 in

The base plate thickness is adequate.

Check the leg to vessel attachment stresses, WRC-107 (Weight operating corroded

governs)

Applied Loads

Radial foad: P=0 1o
Circumferential moment: M_ = 0 Iby-in
Circumferential shear: V. = 0 by,
Longitudinal moment: M = 838.31 lb¢in
Longitudinal shear: Vi = 479.03 I
Torsion moment: M= 0 lb-in
internal pressure: P= 0 psi
Mean shell radius: R,= 11.875in
Local shell thickness: t= 0.25 in
Shell yield stress: S, = 16,000 psi
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Maximum stresses due to the applied loads at the leg edge (includes pressure)
Ry /t=11.875/0.25=47.5

C; = 0.9014, C, = 2.778 in

Local circumferential pressure stress = P*R/t =0 psi

Local longitudinal pressure stress = P*R/2t =0 psi

Maximum combined stress (PL+Pb+Q) = -2,151 psi
Allowable combined stress (P +P+Q) = +-3"8 = +-43,200 psi

Note: The allowable combined stress (P_+P_+Q) is based on the strain hardening characteristics of this material.

The maximum combined stress (P +P +Qj is within allowable limits.

Maximum local primary membrane stress (P) = -554 psi
Allowable local primary membrane (P) = +-1.5"8 = +-21,600 psi

The maximum local primary membrane stress ( Ph) is within allowable limits.
Stresses at the leg edge per WRC Bulletin 107

Figure |value | B | A, | A |B, | B |C,! ¢ D, D,
3C* 4.317 0.1509 10 0 0 s} 0 o 0 0
AG* 7.2495 01573 |0 D (4 0 Q 0 o 0
1C 0.1034 01188 | O G 1} 0 0 0 o] 1]
2C-1 0.0889 0.1188 |0 1} ] a 1} Q g 0
3A* 1.8551 01105 | O 0 0 G a 0 0 4]
1A 0.087 01321 10 o] 0 0 0 1] Q 0
3B+ 5.2076 0.1608 | -554 -564 | 554 554 0 0 0 o]
1B-1 0.0337 0.143 [-1,587 (1,597 1,587 |-1,897 {0 4} 4] 4]
Prossure sfrass* o] 0 G 0 0 6 1 0
Total circumferentlal stress -2,151 | 1,043 [ 2,151 [-1,043 {0 4} ] 0
;f::;’}';;‘::}:{ e et 554 |-554 |s54 [ss4 (0o Jo (o o
3C* 5.2992 01673 |0 o 0 ] o] 0 4] g
4G+ £.6487 01909 10 G 4] 0 0 0 0 o]
1G-1 0.0785 0.1633 |0 4] 0 0 o] 0 o} 0
2C 0.0458 0.1833 |0 0 o ] 0 G 0 0
4A* 2.4609 0.1105 [0 0 0 ¢ 0 o] 0 V]
ZA 0.0399 01701 { O 1] 0 g c 0 0 o
4B* 1.8064 0.1608 }-333 -333 333 as3 Q 0 g 0
2B-1 0.0386 0.1851 [-1,413 | 1,443 [ 1,413 {1,413 {0 Q0 0 4]
Pressure stress* 0 0 o o] g [§] 0 0
Total fongltudinal stress -1,746 | 1,080 [1,746 |-1,080 |G 0 0 o]
P ’1“9‘;&,’;‘:1";?:::: 233|383 (sa. fass Jo fo [0 o
Shear from My o] 0 0 0 o 0 0 0
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Circ shear from V¢ 0 Q 0 0 o] Q o ]

Long shear from V. a 0 0 0 472 {72 172 | 172
Total Shear stress [¢] o] 4] 0 <172 | 172 | 172 [ 172
Combined stress (P +Pp+Q) ]-2,151 | 1,080 [ 2,151 | -1,080 | 344 344 344 |344

Note: * denotes primary stress.
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G Eden Cryogenics LLC
8445 Rausch Drive
o

Penetrant Inspection Report

Work Order: . ..BC O3B Drawing Number: _58@9“__@_( -
Contract Number: k&,,,u, A ) Traveler# 978 B #{
Weld Description: A aeddel STr3-s, [2- &

Project Engineer: P KEITIETC2aRK. UWM _ Test Performed By: E. Meadows
Specification: N BC 101- 003 -101 _ Disposition By: E. Meadows
Penetrant: Magnaflux SKL-SP 10MIN _ BatchNo: _Q7LIIK ‘ o

Cleaner: Magnaflux SKC-S 5MIN  Batch No: 08HOSK o o
Developer: _Magnaflux SKD-32 156 MIN Batch No: 09E06K

Conclusion:

T 3-8, 12~ 1¢ /Skr?/v_lﬂzgﬁﬁ/ .

“ac

Date: 3-1- 10

8 glsclo

ettings\rbasham\Desktop\B SHIFMPT\Penetrant inspection Report.doc

Signature:
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Eden Cryogenics LLC

.. 8445 Rausch Drive
Q [ =] # | Combination Pressure/Mass Spectrometer Leak Test Plain City, Ohio 43064
N Inspection Data Sheet
Work Order #: @ﬁ‘ oLits Eden Specification #: W&n - W: - ©3O "Ol0  Test Equipment: \\\rm - Yo &m\a\ G-14
. — X g
Calibrated Leak Serial No. / Rate: %L _\ ~ & XMO NW.‘ Test Article: mwoo - Owu (o ﬂﬂ D. ..prn\!
EVENT | START END MASS w.wumo INDICATION * MASS SPEC LEAK** | TEST PRESS, HOLD TiME, COMMENTS zwmo”Mm
1 [AKI0 Y
2 O Lis o s
3 2.5 Y ap
H 112742 1 12:99 | 2. 5x0 T8 ]
5 1249 77251 |7 .OX(o %ae Y7751 bhsl) fod 2un |V
S sz 12° 5y N-O:a?.(rﬂ Ae 5 v
s [lISS 12267 | Z ok ias Lef(Po\ /
S /53 | m)ol | 2.0X0 % 1LSes  tell (bpn |V
7.7 /09 /o 2.0 KNlo~ % Redore Fo 1S0ps |/
g g HEEEE AN Wy Lown | St Forsy’
9 |1'7o @21 | TIKIS ag -
10 [/.22 /23 | 19X g yd
Mass mn.mn:oz._mﬂmq / Accept (No Reportable Indications) Pressurization v Acecept (No Reportable indications)
Leak Test: Reject Leak Test: Reject
EVENTS
1 Calibrated Leak {start) 5 Internal Piping Pressure (PSI) 9 Final Reading
2 Minimum Detectable Leak (MDL) 6 Visually inspect Exposed Inner Line Welds 10 Catibrated Leak (finish)
3 mmoxm% Hetium (after tie in) 7 Bubble Test Exposed Inner Line Welds
4 Speg¥ OperV3eudim Englosure 8 Spray Bagged System

eaghty (Maxipam >mvm2m2o Leak Rate: 1 x 10-9 std. cc/sec AE. **  Difference between MDL (background) indication

/ h i km\\\ﬂ\ \ > and present reading
thrrized Stgmattre N\WQS\\  pirit T Dafe

Eden-orm 1013-09/08 A\\w‘r\\\w MAAmMINForms\WISLT-PST Vi Pipe Inspection Date....eet doc
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eden

Work Order #: mwﬂ\ OZ2i &  Eden Specification # %n lo/- 050~ Qx&&ﬁ@mﬂ Equipment: #78 -¥¢ \ %&Vﬂh«l

Combination Pressure/Mass Spectrometer Leak Test
Inspection Data Sheet

Calibrated Leak Serial No./ Rate: ¥ L&Y /6 yerp 4

IRAv (It Tose . o z
tden Cryogenics LLC

8445 Rausch
Plain City, Oh

Drive

i0 43064
fepr Cof m,\.?\c

E.@S T Test Article: == SFoc 0L LAA \LB frbir redsse |

w T | DECAY
| EVENT | START END MASS SPEC INDICATION * MASS SPEC LEAK** | TEST PRESS, HOLD TiME, COMMENTS @ NO | YES |
- : o =
1 Ly 2= s xs0"Ca-.
L 2 AR psxse ' CaE _
- A s Ty — i
3 | 53F e | 5.3 .07 4 €. .
¢ N [ 30 . - “
Y s ec=lg/le™= 2. bxro T 4 s
& &10% & /HZE /.o xieTTA e 41.2% psi - Hiid 7 in,
L e g, C - |
S F95 | #.8xe 7 4c€. grvC pus - # et
2T Ee% et xseTaE 25 2P per i
5228 337 | & e T %4 S Loci - Freid e Mg .\...r N
& |33 §3YE s 3xce ‘Car o ! mmma i
M..A.m. g 9= m\..%ﬁm..rw..u\\m xro TTAE ViSve ) ¥ BoLU e Ter et
¥ |Ee = & 5= 2 5 xre 94 E uﬂ.w\.\.._«.,v [k St Yo ) bt
; ; (4™ © e
9 &5 £ 562 & v ey B -
10 &5e™ fFisys L xro Tt | L
Mass Spectrometer | < | Accept (No Reportable indications) | Pressurization .Q\_\yoomnﬁ {No Reportable Indications) .
Leak Test: Reject _ Leak Test: Reject
EVENTS -
1 | Calibrated Leak {start) 5 internal Piping Pressure (PSi) 9 Final Reading
2 Minimum Detectable Leak (MDL) 5] Visually Inspect Exposed Inner Line Welds 10 Calibrated Leak (finish)
w mmnx@_dcsa Helium (after tie in) 7 Bubble Test Exposed Inner Line Welds

mumé Open Vacuum Enclosure 8

Spray Bagged System

6%

x >oEm_ mmm 5?

ceptable Leak Rate' 1 x 10-9 std. co/sec AE)

PC":o:NmQ m@zmﬁcﬁm\mﬁ\%\. AT “\N&\\ﬂc

Eden s .m 1013-09/08

\rx\ &. e V-ro

**  Difference between MDL (background) indication -

and present reading

Dmﬁm

M- AdmimF orms\MSLT-PS! V4 Pipe Inspection Data:

tdoc
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..... £den Cryogenics LLC
8445 Rausch Drive

e d oot g ] Plain City. Ohio 43064
o

Penetrant inspection Report

Work Order: BCARIRAS  Drawing Number: SEIO-OR

Contract Number, E@n C & ﬂ— Traveler# {9 "7 8 i3 iz
Weld Description: AR FLL A }w O 375, 12K
Profect Engineer: Maznﬂefezek-—gq"lw Test Performed By: E, Meadows

Specification: BC 101- 003 -101 Disposition By: __E. Meadows

Penetrant: Magnaflux SKL-SP 10 MIN Batch No:  _07LHK o
Cleaner: Magnaflux SKC-S 5 MIN Batch No: 08HOBK

Developer: Magnaflux SKD-52 15 MIN Batch No: _09E06K

Conclusion:

JT- 3 —=8, 17 ~— [ /Z/m.g[ ’144{5./
/7 /

_NO REPORTABLE INDICATION FOUND AT TIME OF INSPECTION ‘2/47'

l{ccep"r

;Ignature: l/?vﬁk{ W Dzj: 3-/2-1C
g A

CaDocuments and Settingsirbasham\Desktop\B SHIFT\PT\Penetrant inspection Report.doc
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- A Eden Cryogenics LLC
.. 8445 Rausch Drive
e&nmn Combination Pressure/Mass Spectrometer Leak Test Piain City, Ohio 43064
O3 FR v O3 5 £ it 4D S5 Inspection Data Sheet

Work Order #: .\mh) o4 ~%,&\ Eden Specification #: mn\ (OI-pSo-o .nﬂw&&.mwﬁ Equipment A{S-¥4 ouﬂ i \ G-1Y

Calibrated Leak Serial No. / Rate: 6%4&\ i Sito -Bac TestArice: SBCO-¢) LA TR .\*.UC.«. L T
EVENT | START END MASS SPEC INDICATION * MASS SPEC LEAK** | TEST PRESS, HOLD TIME, COMMENTS zﬂmnﬂMm
1 [,S Kio e
2 oA X (o e
3 QNO ﬁwc r'unwin.
J joag | /050 |0 Xe e
5 o @S] 057 | 100 Yy UTlpsr U2 Zaa v
5 18 L ged | L lokie” g AY P v
S I heS |0 OF | e XibTRE VY[ P v
S _libeh i 8?:& (@S2t e loana
FA \\.ﬂw /713 Cloxie e ﬂﬁmmh‘h 1o 1S50¢s i
W 185 | gpkie-to% ey 2ata_ A
9 A Y /-Y N 4 |
10 11;2¢ [Shi0™®
Mass Spectrometer N\ Accept (No Reportable indications) Pressurization Accept (No Reportable Indications)
Leak Test: Reject Leak Test: Reject
EVENTS
1 Calibrated Leak (start} 5 Internal Piping Pressure (PSI) 9 Final Reading
2 Minimum Detectable Leak (MBDL) 6 Visually Inspect Exposed inner Line Welds 10 Calibrated Leak {finish)
3 Background Helium (after tie in) 7 Bubbie Test Exposed Inner Line Welds
4 Spray Open Vacuum Enclosure 8 Spray Bagged System
* Actual ing (Maximum Acceptable Leak Rate: 1 x 10-9 std. cc/sec A.E)) **  Difference between MDL {background} indication

d present reading
| W \Q\\b i
-7 Auth~rized Wa\wﬂ\«m N m “ ar ¢ \\o \\e Um&

Fetmiy -om 1013-09/08 . M \AdminForms\MSLT-PSI VU Pipe Iaspection D ieet.doc
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% ’ Eden Cryogenics L1.C
8445 Rausch Drive

cler SHS Ravech Drve

CFE ™ O G0 1S DN R O 55

Penetrant Inspection Report
Work Order: Bl - CFH2F " DrawingNumber 3. ¢2/28 = SE2 0-53
Comtrac: Number: Lol i d 4.5
Waic Description: e R lo
Project Engineer S, M. Test Pestormed 8y: W { 4 heTH
Specification: Bci0j-003-/0) Disposition By: LZ.Basbvis v LT

Batch No- 07 UK 06820
Batch No: o EH 0K po 352

BachNo: _ 29 & oK 07683

Panetrant Magrafiex SKL-SP
Cleaner; Magnafiux SKC-S
Developer: Magnafiux SKD-52
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{Relief valve calculations for the fire conditions for the LAPD filter vessels}
{Considers both radiation between surfaces and convection between surfaces}

L_gap = 0.009525 {m, gap between the filter vessel wall and the radiation shields, vacuum jacket ID is 23.5" and filter vessel OD of
12.75" OD, gap was measured as roughly 3/8 inch}

L_gap_inches = 0.009525*39.37 {convert gap from meters to inches}

{ }
grad_12 = As*sigma*(T_1"4 - T_2"4)/(1/epsilon_1 + 1/epsilon_2 - 1) {W, radiation exchange between the vacuum jacket and the
outer shield}

grad_12+ qconv_12 = q_total {W, total heat flow from outer to inner vessel}

{convection between the vacuum jacket and the outer shield}

Ra_L12= g*Betal2*(T_1-T_2)*L1273/ ( alphal2*nul2) {Rayleigh Number}

Betal2 =1/T_film12 {1/K, volumetric thermal expansion coefficient}

T film12 = (T_1+ T_2)/2 {K, average temperaure of the two enclosure surfaces used for property evaluation}
L12=L_inches12/39.37 {m, length of the gap between the two surfaces}

L_inches12 = 0.375 ({in, length of the gap between the two surfaces}

alphal2 = k12 / (rho12*Cp12) {m2/s, thermal diffusivity, thermal dffusivity relationship}

mul2 =rhol2*nul2 {kg/ s*m, relationship between dynamic and kinematic viscosity }

k12 = Conductivity(Air,T=T_film12) {W/m*K, thermal conductivity of the air in the vacuum space, evaluated for air at ambient
pressure and the average temperature of the two enclosure surfaces }

rho12= Density(Air, T=T_film12,P=Patm12) {kg/m”3, density of the air in the vacuum space, evaluated for air at ambient pressure and
the average temperature of the two enclosure surfaces }

Patm12=1.01325 {bar, pressure in the vacuum jacket}

Cpl12 =Cp(Air, T=T_film12) {J/kg-K, specific heat of the air in the vacuum jacket at constant pressure}

mul2 =Viscosity(Air, T=T_film12) {kg/ s*m, viscosity }

H_over_L_ration12 = H_inches12/ L_inches12 {dimensionless, ratio of the cavity height H to the cavity gap L}
H_inches12 = 65 {inches, height of the cavity}

H12=H_inches12/39.37 {meters, height of the cavity}

Pr12=nul2/alphal2 {Prandtl number, dimensionless, ratio of the momentum and thermal diffusivities, nu over alpha}
Nus_12 = hbar12*L12/k12 {Nusselt number, dimensionless temperature gradient at the surface}

gconv_12 = hbar12*As*(T_1-T_2) {W, convective heat transfer rate between opposite cavity walls}

{equation 4.91Handbook of Heat Transfer 3rd Edition}

Nus_12=(1+ ( ((0.0665*Ra_L12"(1/3)) / (1+(9000/Ra_L12)*1.4) )2 ))(1/2) {correlation for Pr~0.7, validated for Ra < 10”6 and
40 < H/L < 110, H/L is computed as 173 so its out of range, Shewen et al }
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Nus_12 check_horizontal = 0.069*(Ra_L12~(1/3) )*(Pr12°0.074)

{ }
grad_23 = As*sigma*(T_2"4 - T_3"4)/(1/epsilon_2 + 1/epsilon_3 - 1)

grad_23+ gconv_23 = g_total {W, total heat flow from outer to inner vessel}

{convection between radiation shields}

Ra_L23= g*Beta23*(T_2-T_3)*L23"3/ ( alpha23*nu23) {Rayleigh Number}

Beta23=1/T_film23 {1/K, volumetric thermal expansion coefficient}

T _film23= (T_2+ T_3)/2 {K, average temperaure of the two enclosure surfaces used for property evaluation}
L23=L_inches23/39.37 {m, length of the gap between the two surfaces}

L_inches23 =0.375 ({in, length of the gap between the two surfaces}

alpha23 = k23 / (rho23*Cp23) {m2/s, thermal diffusivity, thermal dffusivity relationship}

mu23 =rho23*nu23  {kg/ s*m, relationship between dynamic and kinematic viscosity }

k23 = Conductivity(Air, T=T_film23) {W/m*K, thermal conductivity of the air in the vacuum space, evaluated for air at ambient
pressure and the average temperature of the two enclosure surfaces }

rho23= Density(Air, T=T_film23,P=Patm23) {kg/m~3, density of the air in the vacuum space, evaluated for air at ambient pressure and
the average temperature of the two enclosure surfaces }

Patm23=1.01325 {bar, pressure in the vacuum jacket}

Cp23 =Cp(Air, T=T_film23) {J/kg-K, specific heat of the air in the vacuum jacket at constant pressure}

mu23 =Viscosity(Air, T=T_film23) {kg/ s*m, viscosity }

H_over_L_ration23=H_inches23/ L_inches23 {dimensionless, ratio of the cavity height H to the cavity gap L}
H_inches23 = 65 {inches, height of the cavity}

H23=H_inches23/39.37 {meters, height of the cavity}

Pr23= nu23/alpha23 {Prandtl number, dimensionless, ratio of the momentum and thermal diffusivities, nu over alpha}
Nus_23 = hbar23*L23/k23 {Nusselt number, dimensionless temperature gradient at the surface}

gconv_23 = hbar23*As*(T_2-T_3) {W, convective heat transfer rate between opposite cavity walls}

{equation 4.91Handbook of Heat Transfer 3rd Edition}

Nus_23=(1+ ( ((0.0665*Ra_L23"(1/3)) / (1+(9000/Ra_L23)*1.4) )2 ))(1/2) {correlation for Pr~0.7, validated for Ra < 10”6 and
40 < H/L < 110, H/L is computed as 173 so its out of range }

{ }
grad_34 = As*sigma*(T_3"4 - T_4"4)/(1/epsilon_3 + 1/epsilon_4 - 1)
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grad_34+ qconv_34 = q_total {W, total heat flow from outer to inner vessel}

{convection between radiation shields}

Ra_L34= g*Beta34*(T_3-T_4)*L34"3/ ( alpha34*nu34) {Rayleigh Number}

Beta34 =1/ T_film34 {1/K, volumetric thermal expansion coefficient}

T _film34 = (T_3+ T_4)/2 {K, average temperaure of the two enclosure surfaces used for property evaluation}

L34=L_inches34/39.37 {m, length of the gap between the two surfaces}

L_inches34 = 0.375 ({in, length of the gap between the two surfaces}

alpha34 = k34 / (rho34*Cp34) {m2/s, thermal diffusivity, thermal dffusivity relationship}

mu34 =rho34*nu34  {kg/ s*m, relationship between dynamic and kinematic viscosity }

k34 = Conductivity(Air,T=T_film34) {W/m*K, thermal conductivity of the air in the vacuum space, evaluated for air at ambient
pressure and the average temperature of the two enclosure surfaces }

rho34= Density(Air, T=T_film34,P=Patm34) {kg/m”3, density of the air in the vacuum space, evaluated for air at ambient pressure and
the average temperature of the two enclosure surfaces }

Patm34=1.01325 {bar, pressure in the vacuum jacket}

Cp34 =Cp(Air, T=T_film34) {J/kg-K, specific heat of the air in the vacuum jacket at constant pressure}

mu34 =Viscosity(Air, T=T_film34) {kg/ s*m, viscosity }

H_over_L_ration34 = H_inches34/ L_inches34 {dimensionless, ratio of the cavity height H to the cavity gap L}
H_inches34 = 65 {inches, height of the cavity}

H34=H_inches12/39.37 {meters, height of the cavity}

Pr34= nu34/alpha34 {Prandtl number, dimensionless, ratio of the momentum and thermal diffusivities, nu over alpha}
Nus_34 = hbar34*L34/k34 {Nusselt number, dimensionless temperature gradient at the surface}

gconv_34 = hbar34*As*(T_3-T_4) {W, convective heat transfer rate between opposite cavity walls}

{equation 4.91Handbook of Heat Transfer 3rd Edition}

Nus_34=(1+ ( ((0.0665*Ra_L34"(1/3)) / (1+(9000/Ra_L34)*1.4) )2 ))™1/2) {correlation for Pr~0.7, validated for Ra < 10”6 and
40 < H/L < 110, H/L is computed as 173 so its out of range }

{ }
grad_45 = As*sigma*(T_4"4 - T_5"4)/(1/epsilon_4 + 1/epsilon_5 - 1)

grad_45+ qconv_45 = q_total {W, total heat flow from outer to inner vessel}
{convection between radiation shields}
Ra_L45= g*Betad5*(T_4-T_5)*L45"3/ ( alpha45*nu45) {Rayleigh Number}

Betad5 =1/T_film45 {1/K, volumetric thermal expansion coefficient}
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T_film45 = (T_4+ T_5)/2 {K, average temperaure of the two enclosure surfaces used for property evaluation}
L45=L_inches12/39.37 {m, length of the gap between the two surfaces}

L_inches45=0.375 ({in, length of the gap between the two surfaces}

alpha45 = k45/ (rho45*Cp45) {m2/s, thermal diffusivity, thermal dffusivity relationship}

mu45 =rho45*nud45  {kg/ s*m, relationship between dynamic and kinematic viscosity }

k45 = Conductivity(Air, T=T_film45) {W/m*K, thermal conductivity of the air in the vacuum space, evaluated for air at ambient
pressure and the average temperature of the two enclosure surfaces }

rho45= Density(Air, T=T_film45,P=Patm45) {kg/m~3, density of the air in the vacuum space, evaluated for air at ambient pressure and
the average temperature of the two enclosure surfaces }

Patm45=1.01325 {bar, pressure in the vacuum jacket}

Cp45 =Cp(Air, T=T_film45) {J/kg-K, specific heat of the air in the vacuum jacket at constant pressure}

mu45 =Viscosity(Air, T=T_film45) {kg/ s*m, viscosity }

H_over_L_ration45 = H_inches45/ L_inches45 {dimensionless, ratio of the cavity height H to the cavity gap L}
H_inches45 = 65 {inches, height of the cavity}

H45=H_inches12/39.37 {meters, height of the cavity}

Pr45= nu45/alpha45 {Prandtl number, dimensionless, ratio of the momentum and thermal diffusivities, nu over alpha}
Nus_45 = hbar45*L45/k45 {Nusselt number, dimensionless temperature gradient at the surface}

gconv_45 = hbar45*As*(T_4-T_5) {W, convective heat transfer rate between opposite cavity walls}

{equation 4.91Handbook of Heat Transfer 3rd Edition}

Nus_45=(1+ ( ((0.0665*Ra_L45"(1/3)) / (1+(9000/Ra_L45)*1.4) )2 ))(1/2) {correlation for Pr~0.7, validated for Ra < 10”6 and
40 < H/L < 110, H/L is computed as 173 so its out of range }

{ }
grad_56 = As*sigma*(T_5"4 - T_6"4)/(1/epsilon_5 + 1/epsilon_6 - 1)

grad_56+ qconv_56 = q_total {W, total heat flow from outer to inner vessel}

{convection between radiation shields}

Ra_L56= g*Beta56*(T_5-T_6)*L56"3/ ( alpha56*nu56) {Rayleigh Number}

Beta56 =1/ T_film56 {1/K, volumetric thermal expansion coefficient}

T_film56 = (T_5+ T_6)/2 {K, average temperaure of the two enclosure surfaces used for property evaluation}
L56=L_inches12/39.37 {m, length of the gap between the two surfaces}

L_inches56=0.375 ({in, length of the gap between the two surfaces}

alpha56= k56/ (rho56*Cp56) {m2/s, thermal diffusivity, thermal dffusivity relationship}
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mu56 = rho56*nu56  {kg/ s*m, relationship between dynamic and kinematic viscosity }

k56 = Conductivity(Air, T=T_film56) {W/m*K, thermal conductivity of the air in the vacuum space, evaluated for air at ambient
pressure and the average temperature of the two enclosure surfaces }

rho56= Density(Air, T=T_film56,P=Patm56) {kg/m~3, density of the air in the vacuum space, evaluated for air at ambient pressure and
the average temperature of the two enclosure surfaces }

Patm56=1.01325 {bar, pressure in the vacuum jacket}

Cp56 =Cp(Air, T=T_film56) {J/kg-K, specific heat of the air in the vacuum jacket at constant pressure}

mu56 =Viscosity(Air, T=T_film56) {kg/ s*m, viscosity }

H_over_L_ration56 = H_inches56/ L_inches56 {dimensionless, ratio of the cavity height H to the cavity gap L}
H_inches56 = 65 {inches, height of the cavity}

H56= H_inches56/39.37 {meters, height of the cavity}

Pr56= nu56/alpha56 {Prandtl number, dimensionless, ratio of the momentum and thermal diffusivities, nu over alpha}
Nus_56 = hbar56*L56/k56 {Nusselt number, dimensionless temperature gradient at the surface}

gconv_56 = hbar56*As*(T_5-T_6) {W, convective heat transfer rate between opposite cavity walls}

{equation 4.91Handbook of Heat Transfer 3rd Edition}

Nus_56=(1+ ( ((0.0665*Ra_L56"(1/3)) / (1+(9000/Ra_L56)*1.4) )2 ))™(1/2) {correlation for Pr~0.7, validated for Ra < 10”6 and
40 < H/L < 110, H/L is computed as 173 so its out of range }

{ }
grad_67 = As*sigma*(T_6"4 - T_7"4)/(1/epsilon_6 + 1/epsilon_7 - 1)

grad_67+ gconv_67 = q_total {W, total heat flow from outer to inner vessel}

{convection between radiation shields}

Ra_L67= g*Beta67*(T_6-T_7)*L67/3/ ( alpha67*nu67) {Rayleigh Number}

Beta67 =1/ T_film67 {1/K, volumetric thermal expansion coefficient}

T _film67= (T_6+ T_7)/2 {K, average temperaure of the two enclosure surfaces used for property evaluation}
L67=L_inches12/39.37 {m, length of the gap between the two surfaces}

L_inches67 = 0.375 {in, length of the gap between the two surfaces}

alpha67 = k67 / (rho67*Cp67) {m2/s, thermal diffusivity, thermal dffusivity relationship}

mu67 =rho67*nu67  {kg/ s*m, relationship between dynamic and kinematic viscosity }

k67 = Conductivity(Air, T=T_film67) {W/m*K, thermal conductivity of the air in the vacuum space, evaluated for air at ambient
pressure and the average temperature of the two enclosure surfaces }

rho67= Density(Air, T=T_film67,P=Patm67) {kg/m~3, density of the air in the vacuum space, evaluated for air at ambient pressure and
the average temperature of the two enclosure surfaces }
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Patm67=1.01325 {bar, pressure in the vacuum jacket}

Cp67 =Cp(Air, T=T_film67) {J/kg-K, specific heat of the air in the vacuum jacket at constant pressure}

mu67 =Viscosity(Air, T=T_film67) {kg/ s*m, viscosity }

H_over_L_ration67 = H_inches67/ L_inches67 {dimensionless, ratio of the cavity height H to the cavity gap L}
H_inches67 = 65 {inches, height of the cavity}

H67=H_inches67/39.37 {meters, height of the cavity}

Pr67= nu67/alpha67 {Prandtl number, dimensionless, ratio of the momentum and thermal diffusivities, nu over alpha}
Nus_67 = hbar67*L67/k67 {Nusselt number, dimensionless temperature gradient at the surface}

gconv_67 = hbar67*As*(T_6-T_7) {W, convective heat transfer rate between opposite cavity walls}

{equation 4.91Handbook of Heat Transfer 3rd Edition}

Nus_67=(1+ ( ((0.0665*Ra_L677(1/3)) / (1+(9000/Ra_L67)*1.4) )2 ))(1/2) {correlation for Pr~0.7, validated for Ra < 10”6 and
40 < H/L < 110, H/L is computed as 173 so its out of range }

fqrad_78 = As*sigma*(T_774 - T_8"4)/(1/epsilon_7 + 1/epsilon_8 - 1) {radiation exchange t};etween the inner shield and the inner
vessel}

grad_78+ qconv_78 = q_total {W, total heat flow from outer to inner vessel}

Ra_L78 = g*Beta78*(T_7-T_8)*L78"3/ (alpha78*nu78) {Rayleigh Number}

g = 9.8 {gravitational acceleration m/s"2}

Beta78 =1/ T_film78 {1/K, volumetric thermal expansion coefficient}

T film78 = (T_7 + T_8)/2 {K, average temperaure of the two enclosure surfaces used for property evaluation}
L78 = L_inches78/39.37 {m, length of the gap between the two surfaces}

L_inches78 = 3.125 ({in, length of the gap between the two surfaces}

alpha78 = k78 / (rho78*Cp78)  {thermal diffusivity, m2/s, evaluated for air at ambient pressure and Tf }
mu78 = rho78*nu78 {viscosity kg/ s* m}

k78 = Conductivity(Air,T=T_film78) {thermal conductivity of the air in the vacuum space, evaluated for air at ambient pressure and
the average temperature of the two enclosure surfaces }

rho78 = Density(Air, T=T_film78,P=Patm78) {density of the air in the vacuum space, evaluated for air at ambient pressure and the
average temperature of the two enclosure surfaces }

Patm78 = 1.01325 {bar, pressure in the vacuum jacket}
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Cp78 =Cp(Air, T=T_film78) {J/kg-K, specific heat of the air in the vacuum jacket at constant pressure}

mu78 =Viscosity(Air, T=T_film78) {kg/ s*m, viscosity }

H_over_L_ration78 = H_inches78 / L_inches78 {dimensionless, ratio of the cavity height H to the cavity gap L}

H_inches78 = 65 {inches, height of the cavity}

H78 = H_inches78/39.37 {meters, height of the cavity}

Pr78 = nu78/alpha78 {Prandtl number, dimensionless, ratio of the momentum and thermal diffusivities, nu over alpha}

Nus_78 = hbar78*L78/k78 {Nusselt number, dimensionless temperature gradient at the surface}

gconv_78 = hbar78*As*(T_7-T_8) {W, convective heat transfer rate between opposite cavity walls}

As = 4.132 {m"2 The surface area A for all calculations was taken as the surface area of a cylinder (including the top and bottom)

whose outside diameter matches the inner diameter of the vacuum jacket. This is conservative because the surface area of the

radiation shields and the inner vessel is significantly less than that of the vacuum jacket. }

Nus_78=0.046*Ra_L78"(1/3) {Incropera and Dewitt 4th edition equation 9.53} {Ral = 4.3E7. H/L = 21, Pr =0.7, applicable 1 < H/L <
40, 1076 < RaL < 1079 Ral, sightly out of the Pr range of 1 < Pr < 2E4 }

Nus_78_check_horizontal = 0.069*(Ra_L78"(1/3) )*(Pr78"0.074)

sigma = 5.67e-8 {Stefan-Boltzmann constant W/(m"2*K"4}
epsilon_1 =1 {surface emissivity of the ID of the vacuum jacket}
epsilon_2 = 0.1 {shield surface emissivity}

epsilon_3 = 0.1 {shield surface emissivity}

epsilon_4 = 0.1 {shield surface emissivity}

epsilon_5 = 0.1 {shield surface emissivity}

epsilon_6 = 0.1 {shield surface emissivity}

epsilon_7 = 0.1 {shield surface emissivity}

epsilon_8 = 1 {surface emissivity of the OD of the inner vessel}
T_1=922 {vacuum jacket temperature in K}

T_8=Temperature(Argon,P=8.70,x=0) {filter housing temperature in K}

Lgp = 0.009525

Lgapinches = 0.009525 - 39.37
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—+ — -1
€a €5
gradss + CONVgs = Jotal
L45°3

Ra = . Beta4s - [T, — T P
L4s g [T ] alpha45 - nu45

1
Betad5 =
Tiimas
T4 + T
Thims = ——— ) :

L45 = I—inchele

39.37
I—inches45 = 0.375
k45
alpha4ds = ——
rho45 - Cp45

mu45 = rho45 - nu45

ka5 = k ['Air', T=Tgms ]

rho45 = p['Air', T =Tms , P =Patm45 ]
Patm45 = 1.01325

Cp45 = Cp ['Air', T=Teims |

mud5 = Visc ['Air , T =Tgms |

H _ Hinches45
over,L,ration45 -
I—inches45
Hinches45 = 65
H45 = Hincheslz
39.37
nu45
Pras = ——_
alpha45
L45
Nus,s = hbar4ds5 - ——
k45
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gconvys = hbard5 - As - [T, — Ts ]

1/ 2
0.0665 - Ras L2/ 311 [ J
Nusgss = | 1 + 14
[ 9000 ] -
+
Ra4s
T4 - T
rad = As - |
gradse o 1 1
—+ — -1
€5 €6
gradss + CONVsg = Jiotal
L56°

Ra = - Beta56 - | Ts — T | - ————————
L56 9 [Ts o] alpha56 - nu56

1
Betab6 =
Tiimse
Ts + T
Thimss = ——— > :

L56 = I—inchele

39.37
I—inchesSG = 0.375
k56
alpha56 = ———
rho56 - Cp56

mu56 = rho56 - nu56

k56 = k ['Air , T=Tgmss |

rho56 = p['Air', T=Tgmss , P =Patm56 |
Patm56 = 1.01325

Cp56 = Cp ['AIr', T=Tfimss |

mu56 = Visc ['Air , T =Tgmss |

H _ HinchesSG
over,L,ration56 -
I—inchesSG
HinchesSG = 65
H56 = HinchesSG
39.37
nu56
P56 = ——>
alpha56
L56
Nussg = hbar56 - ——
k56
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gconvss = hbar56 - As - [Ts — Tg ]

1/ 2
0.0665 - Ra [*/ 211270 ]
NUS56 = 1+ 12
[ 9000 ] :
1 +
Ra s
T4 -1,
rad = As - . _—
gqradezy o 1 1
_t — = 1
€6 €7
grade; + qConve; = Qotal
Le7 2

Ra = - Beta67 - | Tg — T ————
L7 g [ ® 7] alpha67 - nu67

1
Beta67 =
Tiime7
Teg + T
Thimezr = %
L67 = I—inchele
39.37
I—inchesG7 = 0.375
k67
alpha67 = ——
rho67 - Cp67

mu67 = rho67 - nu67

k67 = k ['Air', T=Tgmer |

rho67 = p['Air', T=Tgme; , P =Patmé67 ]
Patm67 = 1.01325

Cp67 = Cp ['Air, T=Tgmer ]

mu67 = Visc [‘Air , T=Tgmer |

H _ H inches67
over,L,ration67
I—inchesG7

H inches67 = 65

H inches67
39.37

H67 =

nué7

Pré7 = ————
alpha67
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Nusg; = hbar67 - tg—;

gconve; = hbar67 - As - [Te — T7 ]

1/ 2
0.0665 - R, [*/ 211270 ]
NUSG7 = 1+ 12
[ 9000 ] :
+
Ra g7
T, - T
rad = As - . _—
gradzg o 1 1
_t — = 1
€7 €s
gradzg + qCconvszg = Qotal
L78®

Ra = - Beta’8 - | T; = T ————
L g [ ! 8] alpha78 - nu78

g = 9.8
1
Beta78 =
Tiiimzs
T, + T
Thims = 778

L78 I—inches78

39.37
I—inches78 = 3.125
k78
alpha78 =
rho78 - Cp78

mu78 = rho78 - nu78

k78 = k ['Air , T=Tgms |

rho78 = p['Air', T =Tms , P =Patm78 ]
Patm78 = 1.01325

Cp78 = Cp [‘Air, T=Tms ]

mu78 = Visc ['Air , T=Tgms |

H _ H inches78
over,L,ration78 -
I—inches78

H inches78 = 65

H inches78
39.37

H78 =
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nu78

Pr7g = ———
alpha78

Nus7g = hbar78 - %

gconvsg = hbar78 - As - [T, — Tg ]
As = 4132
Nus,s = 0.046 - Rays L1/ 2]

NUS 7g check,horizontal = 0.069 - Rays [l ! 3] - Pr7g %™

o = 567x107°

€1 =1
g2 = 01
es = 0.1
gq = 01
es = 0.1
es = 0.1
g7 = 01
gg =1
T, = 922

Tg = T['Argon',P=8.7,x=0 ]

SOLUTION
Unit Settings: [J]/[K]/[bar]/[kg]/[degrees]

alphal2 =0.0001423 [m?s] alpha23 =0.0001298 [m?s]
alpha34 =0.0001131 [m?s] alpha45 =0.00009375 [m?/s]
alpha56 = 0.00007037 [m?/s] alpha67 =0.00004032 [m?/s]
alpha78 =0.00001209 [m?/s] As =4.132 [m?

Betal2 =0.001108 [1/K] Beta23 =0.001175 [1/K]
Beta34 =0.001283 [1/K] Beta45 =0.001444 [1/K]
Beta56 =0.001719 [1/K] Beta67 =0.002373 [1/K]
Beta78 =0.004557 [1/K] Cpl12 =1121 [J/kg-K]

Cp23 =1110 [J/kg-K] Cp34 =1094 [J/kg-K]

Cp45 = 1073 [J/kg-K] Cp56 = 1047 [J/kg-K]

Cp67 =1016 [J/kg-K] Cp78 =1002 [J/kg-K]

e1=1 e2=0.1

e3=0.1 e4=0.1

5 =0.1 6 =0.1

e7=0.1 es=1
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g =9.8 [m/s?

H23 =1.651 [m]

H45 =1.651 [m]

H67 =1.651 [m]

hbarl2 = 6.552 [W/*m? * K)]
hbar34 =5.884 [W/*m? * K)]
hbar56 = 4.693 [W/*m? * K)]
hbar78 = 3.959 [W/*m? * K)]
Hinches23 = 65 [in]

Hinchesas = 65 [in]

Hinchese7 = 65 [in]

Hover,L ration12 = 173.3 []
Hover,Lration34 = 173.3 []
Hover,Lrationse = 173.3 []
Hover,L ration7s = 20.8 []

k23 =0.05979 [W/m-K]

k45 =0.05126 [W/m-K]

k67 =0.03431 [W/m-K]

L12 = 0.009525 [m]

L34 = 0.009525 [m]

L56 = 0.009525 [m]

L78 = 0.07938 [m]

Lgap,inches = 0.375 [in]
Linches23 = 0.375 [in]

Linchesas = 0.375 [in]

Linchess7 = 0.375 [in]

mul2 = 0.00003926 [kg/m-s]
mu34 = 0.00003581 [kg/m-s]
mu56 = 0.00002963 [kg/m-s]
mu78 = 0.00001454 [kg/m-s]
nu23 =0.00009119 [m?s]
nu45 =0.00006517 [m?s]
nu67 =0.00002839 [m?s]
Nus2 =1

Nus2z =1

Nuss4s =1

Nuse7 = 1.021
NUS78,check,horizontal = 23.66 [K0'3333]
Patm23 = 1.013 [bar]
Patm45 = 1.013 [bar]
Patm67 = 1.013 [bar]

Pr12 = 0.7054

Pr34 =0.6987

Pr56 = 0.6937

Pr78 = 0.7474

gconvzz = 1702 [W]

gconvsas = 2124 [W]

gconver = 2943 [W]

gradiz = 2654.795 [W]
gradss =1813 [W]

gradss =1243 [W]

gradzs =256.1 [W]

RaL12 =25.26
Raiss =94.22
Raise =536.4

Rai7s = 4.300E+07 [K]

H12 =1.651[m]

H34 =1.651[m]

H56 =1.651[m]

H78 =1.651[m]

hbar23 = 6.278 [W/*m? * K)]
hbar45 = 5.382 [W/*m? * K)]
hbar67 = 3.676 [W/*m? * K)]
Hinches12 = 65 [in]

Hinches3a = 65 [in]

Hinchesse = 65 [in]

Hinches7s = 65 [in]
Hover,Lration23 = 173.3 []
Hover,Lration4s = 173.3 []
Hover,Lration67 = 173.3 []

k12 =0.06241 [W/m-K]

k34 =0.05605 [W/m-K]

k56 =0.0447 [W/m-K]

k78 =0.0195 [W/m-K]

L23 =0.009525 [m]

L45 = 0.009525 [m]

L67 = 0.009525 [m]

Lgap = 0.009525 [m]

Linches12 = 0.375 [in]

Linches34 = 0.375 [in]

Linchesss = 0.375 [in]

Linches7s = 3.125 [in]

mu23 = 0.00003784 [kg/m-s]
mu45 = 0.00003321 [kg/m-s]
mu67 = 0.00002378 [kg/m-s]
nul2 =0.0001004 [m?%s]
nu34 =0.00007903 [m?s]
nu56 =0.00004881 [m?s]
nu78 =0.000009036 [M?/s]
Nus12,check,horizontal = 0.1973
Nusszs =1

Nusse = 1

Nus7e =16.12 [ ]

Patm12 = 1.013 [bar]
Patm34 = 1.013 [bar]
Patm56 = 1.013 [bar]
Patm78 = 1.013 [bar]

Pr23 =0.7024

Pr45 = 0.6951

Pré7 =0.7042

gconviz = 1042 [W]

gconvas = 1884 [W]

gconvss = 2454 [W]

gconvrs = 3441 [W]

gradzz =1995 [W]

gradss =1573 [W]

grade7 = 753.3 [W]

Quotal = 3696.784 [W]

Rai2s =55.17
Rawsas =191.1
Rawe7 = 3401

rho12 = 0.391 [kg/m?]
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rho23 = 0.415 [kg/m?]
rho45 = 0.5096 [kg/m?]
rho67 = 0.8376 [kg/m?]
o =5.670E-08 [W / (m?* K¥]
T2 =883.513 [K]

Ta =740.4 [K]

Te =518.4 [K]

Ts =114.2584 [K]
Tfim23 = 850.7 [K]

Tfimas = 692.7 [K]

Trime7 = 421.5 [K]

39 potential unit problems were detected.

rho34 = 0.4531 [kg/m?]
rho56 = 0.6069 [kg/m?]
rho78 = 1.609 [kg/m?]

T1 =922 [K]
Ts =817.9 [K]
Ts =644.9 [K]

Tz =324.592171 [K]
Trim12 = 902.8 [K]
Tfim3a = 779.2 [K]
Trimse = 581.6 [K]
Trim7e = 219.4 [K]

EES suggested units (shown in purple) for Nus_78_check_horizontal .
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Temperature
(°R)

207
367.6
529.9
691.3
852.8
1014
1176
1337
1499
1660

Pressure
(psia)

126.2
126.2
126.2
126.2
126.2
126.2
126.2
126.2
126.2
126.2

Cp
(Btu/Ibm-°R)

0.18071
0.13121
0.12698
0.12573
0.1252
0.12492
0.12476
0.12466
0.12459
0.12454

Argon specific heat at constant pressure

0.2
0.18 °
0.16
0.14
° N R
E 0.12 [ ) [ ) [} [ ) [ ) [}
£
§ 01 T=4.759192E-19T¢ - 2.970165E-15T> + 7.444285E-12T* -
2 9.551559E-09T3 + 6.591683E-06T? - 2.315526E-03T + 4.496002E-01 - Argon o
§ 00 R2 = 9.983642E-01
0.06
0.04
0.02
0
0 200 400 600 800 1000 1200 1400 1600 1800
Temperature, Rankine
CPverage =m170(4.759192E-19..7)T“-(2.970165E-15)T5 +(7.444285E -12)T* - (9.551559E - 09)T° +(6.591683E - 06)T” - (2.315526E - 03)T + 4.496002E - 01 =0.12821b[ft:0R

205.7
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{This sheet calculates the inlet pressure drop for the LAPD filter vessel relief valve}

{CGA 6.1.4 c) used }
P_i = P - (3.36E-6)*f*I*(W"2)*v/(d"5) {psia}

{pressure drop thru the relief valve inlet piping}
DELTAP =P -P_j {psid}

{mass flow rate calculated from 6.1.4 a) }
W =419.5 {lbm/hr}

{average temperature between the flow rated saturation temperature and the inlet temperature of the valve calculated with 6.1.4 b) }
T _average = (T_i +T_s)/2 {R}

{6.1.4 b temperature at the inlet of the relief valve}
T i=2145- (2145 - T_s)/ EXP (( 5.24*1.315*(L_cap)/(W*C_p) )) {R}

{Average specific heat btu/lbm-Rat constant pressure between Ts and 1660 R}
C_p=0.1281 {btu/lbm-R}

{linear length of pipe to the inlet of the relief valve}
L_cap =6 {ft}

L_ft=L_cap {ft}

{Saturation temperature deg. R at the flow rating pressure}
T_s =Temperature(Argon,P=P,x=1) {R}

{Specific volume of the fluid being relieved in ft*3/Ib at the flow rating pressure and the average temperature between Ti and Ts}
v=Volume(Argon,T=T_average,P=P) {ft"3/Ib}

{Specific volume of the fluid being relieved in ft*3/Ib at the relief valve inlet pressure and temperature}
v_i=Volume(Argon,T=T_i,P=P_i) {ft*3/Ib}

{CGA correction factor}
F_CGA = SQRT( (P_i*v_i)/(P*v_CGA))

{Specific volume of the fluid being relieved in ft"3/lb at the flow rating pressure and the saturation temperature }
v_CGA=Volume(Argon,x=1,P=P) {ft"3/Ib}

{psia, flow rating pressure}
P = 126.2 {psia}

{internal diameter of the piping leading up to the relief valve}
d = 1.097 {inches}

D_ft=d/12 {feet}

{friction factor used in 6.1.4 c, set equal to friction factor calculated by the Colebrook equation}
f=1f_ci {dimensionless}

{I =6}
{Resistance coefficients from Crane 410 }

K = num_elbows*20*f_T {elbows} + num_tee_diverg_branch*0.64 {tees} + f*L_ft/D_Ft {straight pipe} + 0.78 {inward projecting inlet}
{K'is unitless}
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{calculate the equivalent length | that includes the tees, elbows, and inlet between the vessel and relief valve piping}
K = f*/D_ft

num_elbows = 4 {number of elbows in the path from the vessel to the relief valve}

num_tee_diverg_branch =2 {number of tees in the path from the vessel to the relief valve, these are diverging flow thru branch tees}
{Colebrook equation for the turbulent friction factor, Crane 410 equation 1-20, set Reynolds number to 1ES8 to get a fully turbulent
friction factor f_T}

1/SQRT(f_T) = -2.0*log10(epsilon/(3.7*D_ft) + 2.51/(Re_f T*SQRT(_T) ) )

Re_f T =1E8 {A large Reynolds number is input to get the fully turbulent friction factor}

{Reynolds # for friction factor fin 6.1.4 c}
Re = 6.315*W/(d*mu) {dimesionless}

{absolute (dynamic) viscosity in centipoise }
mu=Viscosity(Argon,T=T_average,P=P)/2.42 {cp, converted from Ib/ft-hr by dividing by 2.42}

{Colebrook equation which offers an implicit iterative solution for the turbulent friction factor}
1/SQRT(f_ci) = -2.0*log10(epsilon/(3.7*D_ft) + 2.51/(Re*SQRT(f_ci) ) ) {dimensionless}

{absolute roughness in feet for drawn tubing = 0.000,005, for commericial steel = 0.00015}
epsilon = 0.00015

Pi = P — 0.00000336 - f - | - W? - —
d
AP =P - P
W = 4195
T+ T
Taverage = |2 =
2145 — T
T, = 2145 - = 1
exp [5.24 - 1.315 . —2
W - C,
C, = 0.1281
Lep = 6
Ly = Leap

Ts = T['Argon' ,P=P,x=1]
v = v ['Argon', T =Taerage P =P ]

vi = v ['Argon', T=T;,P=P;]
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Pi'Vi

Fcea = _—
P - Vcea

Veea = V['Argon' ,x=1,P=P ]

P = 126.2
d = 1.097
d
Dy = —
D
f = fci
K = NUMeipows  * 20 - fT + numtee,diverg,branch - 064 +f . £ + 0.78
ft
I
K = f . —
D#
NUMeg|pows =4
numtee,diverg,branch = 2
1., log £ ,_ 251
A/ fT 3.7 - Dﬁ Ref,T . ,\If_l_

Re;r = 1x10°

W
;v

Re = 6.315 -
d

Visc ['Argon’ , T =Tayerage P =P ]

2.42

1 = _2 . log 2.51

fei 3.7 - D& Re - a/fg
¢ = 0.00015
SOLUTION
Unit Settings: [R]/[psia]/[lbm]/[degrees]
Cp =0.1281 [btu/lbm-R] d =1.097 [in]
AP =0.2865 [psid] Dit =0.09142 [ft]
¢ = 0.00015 f =0.02447
Fcea = 2.687 [ft5/Ib2%] fei = 0.02447
fr =0.02224 K =5.445
| =20.34 [ft] Leap = 6 [ft]
Lt =6 [ft] u =0.02897819 [cp]
NUMelbows = 4 NUMtee,diverg,branch = 2
P =126.2000 Pi = 125.913548
Re = 83335 Rer,r = 1.000E+08
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Taverage = 726.1 [R] Ti = 1246 [R]
Ts =205.7 [R] v =1.546 [ft}/lb,,]
vcea = 0.3685 [ft¥/lb,] Vi = 2.666 [ft¥/Ib,,]

W =419.50000 [lb/hr]

8 potential unit problems were detected.
EES suggested units (shown in purple) for F_ CGA T_s v v_.CGA v_i .
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EXTERNAL VOID FRACTION, ¢

o3 a3 03s 036 as? 0= o D40 I
T T T T T s = HE
4 t T i i FHHT i o

T
T

FRICTION FACTOR, fy

10 o . 100 1000 12000 100000
Reynnmm&.:—%ﬂ

0,6
MODIFIED REYNOLDS MB_EH,+

f }

{Filter bed pressure drop for LAPD - both filters during a relief valve event}
{Assume vapor travels thru the entire bed}
{units of F, psia}

G =W/ A filter {Ib/(hr*ft"2) superficial mass velocity for filter bed pressure drop calculation}

A_filter = (P1/4)*(12.39/12)"2 {ft"2 cross sectional area of filter, 12 inch SCH 10 pipe}

L_filter = 40/12 {ft, length of filter bed, see drawing 466500 }

{Ergun equation for the calculation of pressure drop in adsorbent beds from Union Carbide Fixed-Bed Pressure Drop Calculations
, the beds have different diameter beads}

ft_filter_02*Ct_02*(G"2)*L_filter/(rho_GAr*Dp_oxygen)=dP_filter_O2 {oxygen filter bed pressure drop psi}
ft_filter_MS*Ct_MS*(G*2)*L_filter/(rho_GAr*Dp_molecular)=dP_filter_MS {molecular sieve filter bed pressure drop psi}
Dp_molecular=0.00666 {ft, average diameter of molecular sieve particles, 8 x 12 mesh, 8 mesh = 0.0937 inches = 0.00781 ft, 12
mesh = 0.0661 inches = 0.00551 ft, average = 0.08 inches = 0.00666 ft}

Dp_oxygen=0.00336 {ft, average diameter of oxygen filter particles 14x28 mesh, 14 mesh = 0.0555 inches, 28 mesh = 0.02512
inches, average = 0.0403 inches = 0.003359 feet }

{pressure drop coefficient (ft)(sq hr)/(sq in), determine from graph which has Ct plotted as a function of external void fraction,
3.6E-10 for the 0.37 void fraction Union Carbide reference suggests for mole sieve}

Ct_02=3.6E-10

Ct_MS=3.6E-10

{friction factor based on modified Reynolds #, get from graph}

ft_filter_O2 = INTERPOLATE('ft','Column1','Column2',Column1=Re_oxygen) {look up data from digitized plot in table}
ft_filter_MS = INTERPOLATE('ft','Column1','Column2',Column1=Re_molecular) {look up data from digitized plot in table}
Re_molecular=Dp_molecular*G/mu {Reynolds number for molecular sieve}

Re_oxygen=Dp_oxygen*G/mu {Reynolds number for oyxgen filter}

mu =VISCOSITY(Argon, T=T_vent,P=P_GAr) {argon viscosity at flowing conditions Ib/hr-ft}

rho_GAr = Density(Argon, T=T_vent,P=P_GAr) {density of argon gas at flowing conditions in the filter, Ib/ft"3}

T_vent = 80.3 {temperature of the venting gas, F, the gas would be cold because it originates from vaporized liquid such that
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room temperature is conservative}

P_GAr=126.2 ({relief valve flow rating pressure psia}

rho_stp = Density(Argon,T=70,P=14.7) {density @ std conditions for SCFH calc}

W = GAr_SCFH * rho_stp {relate mass flow to SCFH}

W =419.5 {venting argon mass flow rate Ibm/hr, from relief valve calcs, fire case}

f }

{Filter screen pressure drop for LAPD filter during a relief event}

{LAPD top filter screen is FNAL drawing # 489456}

{Using ImagedJ software the slot open area is 32 in*2, these slots are then filled with 2 screens}

{Screen 1 McMaster #85385T425 60x60 mesh, 0.0075" wire diameter, 0.009" opening width, 30.5% open area}
{Screen 2 McMaster #85385T369 8x8 mesh, 0.035" wire diameter, 0.09" opening width, 51.8% open area}

{Screen pressure drop reference is the Chemical Engineers Handbook by Perry and Chilton, 5th Edition, page 5-37}
{The flow thru a screen can be considered as flow thru a number of orifices or nozzles in parallel.

Thus the pressure drop or head loss across a screen can be computed from an orifice type equation}

{Experimental data indicates that for a series of screens the over-all head loss is directly proportional to the number of screens in
series

and is not affected by either the spacing between successive screens or by their orientation with respect to one another}

{For the filter screens the pressure drop is computed across each screen}

DELTA_h_1 = (n/C_1/2)*((1-alpha_1%2)/alpha_12)*(V*2/(2*g_c)) {screen 1 head loss in ft of flowing liquid, equation 5-100}
DELTAP_screen_1 =DELTA_h_1*rho_GAr/144 {convert screen 1 head loss from feet to psi}

DELTA_h_2 = (n/C_2/2)*((1-alpha_22)/alpha_2"2)*(V*2/(2*g_c)) {screen 2 head loss in ft of flowing liquid, equation 5-100}
DELTAP_screen_2 = DELTA_h_2*rho_GAr/144 {convert screen 2 head loss from feet to psi}

n =1 {number of screens in series, dimensionless, each screen is computed individually since the screens are different sizes}

C_1 =INTERPOLATE('cs','Column1','Column2',Column1=N_Re_1) {screen 1 discharge coefficient, dimensionless, function of
the Reynolds number see Figure 5-44}

C_2 = INTERPOLATE('cs','Column1','Column2',Column1=N_Re_2) {screen 2 discharge coefficient, dimensionless, function of the

Reynolds number see Figure 5-44}

alpha_1 = 0.305 {fractional free projected area of screen 1, dimensionless}
alpha_2 = 0.518 {fractional free projected area of screen 2, dimensionless}

V = W/(rho*3600*A_screen) {superficial velocity ahead of the screen, ft/sec}
A_screen = 32/144 {flow has to go thru slots, estimate upstream area as the slot area of 32 in*2 and convert to ft"2}
g_c = 32.17 {dimensional constant, 32.17 (Ib.)(ft.)/(Ib. force)(sec"2) }

N_Re_1=D_s_1*V*rho/(alpha_1*mu_screen) {Screen 1 reynolds number }
N_Re_2 =D_s_2*V*rho/(alpha_2*mu_screen) {Screen 2 reynolds number }

D_s 1 =0.009/12 {aperture width screen 1, feet}
D_s 2 =0.09/12 {aperture width screen 2, feet}

rho = rho_GAr {fluid denisty at flowing conditions, Ib/ft"3}

mu_screen = VISCOSITY(Argon, T=T_vent,P=P_GAr)/3600 {fluid viscosity at flowing conditions Ib./(ft.)(sec.), converted from EES
Ib/hr-ft units}

f }
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w
G =
Afilter

n 12.39 1?
Afiter = 4—[ 12 ]

40
Lter = E
ft . Ct i G2 i I—filter = dP
filter,02 02 = filter,02

PGAr Dpoxygen
2 I-filter _
ftierms - Ctus - G° - = dPiter,ms
PGAr meolecular
meolecular = 0.00666
Dpoxygen = 0.00336
Ctor = 3.6x107"°
Ctys = 3.6x107"°
ftieroz = Interpolate [ 'ft’, 'Column1) 'Column2, 'Column1' = Reoyygen ]
ftaerms = Interpolate [ 'ft', 'Column1’, 'Column2, 'Column1' = Remojecular ]
G

Remolecular = meolecular -
Reoxygen = Dpoxygen

uw = Visc ['Argon' , T=Tyen , P =Poa ]

[Y) ['Argonl v T=Tyent » P =Pgar ]

pGAr =
Tvent = 80.3
PGAr = 126.2
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W = GArscrn - pstp
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APscreen,1 = Ah,1 . 131(::
A _n 1 - a22 v?2
h2 = .
C22 (x22 2 9gc
Apscreen,Z = Ah,Z . 131(::
n =1
Ci = Interpolate [ 'cs', 'Column1’ 'Column2, 'Column1' = Nge1 ]
C, = Interpolate [ 'cs', 'Column1’, 'Column2, 'Column1' = Nge» ]
a1 = 0.305
a2 = 0.518
W
V =
p - 3600 - Agcreen
32
Ascreen = m
gc = 3217
p
NRe1 - Ds,1 V

o1 ° Mscreen

p

a2 " Hscreen

0.009
D =
s,1 12
0.09
D = —
s,2 12
P = pPGAr
_ Visc ['Argon’ , T=Tyent , P =Pgar ]
Mscreen 3600
SOLUTION
Unit Settings: [F]/[psia)/[lbm]/[degrees]
a1 =0.305 a2 =0.518
Aiiter = 0.8373 [ft?] Ascreen = 0.2222 [ft?]
Ctms = 3.600E-10 [ft*hr?/in?] Ctoz = 3.600E-10 [ft*hr?/in?]
C1 =0.7852 C2 =1.155
APscreen,1 = 0.0005369 [Ibm/inz] APscreen2 = 0.0000694 [Ibm/inz]
Aht =0.08846 [ft] Ah2 =0.01143 [ft]
dPriterms = 0.09197 [Ib,,/in?] dPsitero2 = 0.2614 [Ib,,/in?]
meolecular = 0.00666 [ft] Dpoxygen =0.00336 [ft]
Ds,1 = 0.00075 [ft] Ds2 = 0.0075 [ft]
ftaiterms = 1.777 ftriter02 = 2.549
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G =501.028 [Ib,/hr-ft]] GArscrH = 4058 [ft’/hr]

ge =32.17 [Ibm-ft/lbm-sec?] Liter = 3.333 [ft]

p =0.05534 [Ib,/ft-hr] pscreen = 0.00001537 [Ib,,/ft-sec]
n =1 NRe,1 = 83.88

NRe2 = 493.9 Pear = 126.2 [psia]

Remolecular = 60.3 Reoxygen =30.42

p =0.874 [Ib,/ft’] pGAr = 0.874 [Ib, /ft’]

pstp =0.1034 [Ib,,/ft%] Tvent =80.3 [F]

V =0.5999 [ft/sec] W =419.5 [Ib,/hr]

4 potential unit problems were detected.

Lookup Table: ft

Column1 Column2
Row 1 0.5761 100.6
Row 2 0.7349 78.51
Row 3 1.042 54.66
Row 4 1.417 40.49
Row 5 1.988 29.07
Row 6 2.618 22.21
Row 7 4.084 14.53
Row 8 5.853 10.12
Row 9 7.387 7.892
Row 10 9.424 6.093
Row 11 12.28 4.953
Row 12 15.5 4111
Row 13 19.78 3.412
Row 14 25.78 2.831
Row 15 33.24 2.424
Row 16 44.25 2.032
Row 17 58.91 1.794
Row 18 78.44 1.617
Row 19 106.7 1.473
Row 20 139.1 1.355
Row 21 187.1 1.26
Row 22 260 1.183
Row 23 342.5 1.135
Row 24 496.5 1.077
Row 25 654.3 1.076
Row 26 899.4 1.042
Row 27 1277 1.02

Lookup Table: cs

Column1 Column2
Row 1 0.0986 0.0316
Row 2 0.1969 0.0447
Row 3 0.2944 0.0553
Row 4 0.3971 0.0637
Row 5 0.4932 0.072
Row 6 0.6932 0.083
Row 7 0.9845 0.1007
Row 8 1.945 0.1408
Row 9 2.909 0.1725
Row 10 3.923 0.2009
Row 11 5.928 0.2461
Row 12 9.828 0.3109
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Lookup Table: cs

Column1 Column2
Row 13 19.62 0.4392
Row 14 39.17 0.5899
Row 15 68.39 0.7378
Row 16 99.18 0.8171
Row 17 198.1 0.982
Row 18 387.6 1.122
Row 19 592 1.17
Row 20 971.9 1.257
Row 21 1942 1.366
Row 22 3801 1.382
Row 23 9833 1.429
Row 24 19445 1.476
Row 25 38857 1.494
Row 26 95475 1.498
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